Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



•'..**' 



•, »... . •.' ,W .: 




CHEMISTRY 



~n> 7r\TTS 




{»••«! 



EASY INTRODUCTION 



CHEMISTRY 



EDITED BY THE REV. p~( <£**£■ V|3 

ARTHUR RIGG, M.A. \^\?V' :< ^ 



WALTER T. GOOLDEN, B.A. 



WITH NUMEROUS ILLUSTRATIONS 



RIVINGTONS 

ftonHon, ©rforh', anU ffiambuligt 

1875 

\Ntw Edition Rtviitd\ 



PREFACE ' 

rilHE foundations of knowledge are only securely laid when 
"■" . habits of observation have been cultivated. The inquiries 
young persons frequently make are prompted by what may 
be considered instinct, and are generally suggested by that 
which is seen or handled. Hence parents and teachers, as 
far as practicable, answer with much care and patience these 
early thirstings after knowledge. To supply information in 
a form which it is hoped may be intelligible and interesting 
to all parties concerned in thus learning to read the ever- 
open book of nature, the following pages are issued. They 
are based upon a First Book of Chemistry, by Dr. Wor- 
thington Hooker, published in America, and are intended to 
convey information in respect to changes which are likely 
to attract the attention of young persons who observe and 
inquire. The book professes to be only an introductory one : 
this however may be quite consistent with an interesting 
and accurate one. It may amply satisfy some readers — it 
may be an incentive to further inquiries and deeper research 
with others. If in any case it proves acceptable, and con- 
veys such elementary knowledge as must precede higher 
studies, it will thus subserve one important purpose in its 
publication. 



PREFACE TO THE SECOND EDITION 

/COMMUNICATIONS received from many who read the 
first edition expressed a hope that if a future edition were 
issued, certain alterations might he made, which would render 
the volume as well suited for. educational as it was for domestic 
use. The suggestion has been adopted, and Mr. Walter T. 
Goolden, late Scholar of Merton College, Oxford, has contributed 
most materially to such changes in this edition as seemed 
likely to make the book acceptable where, in its original form, 
it was not expected to be introduced. 

March, 1875. 
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CHAPTER I. 

INTRODUCTION. 

As you are about to learn something of the science of chemistry 
in this book, you are doubtless anxious to understand in a 
general way what that science treats of, before entering more 
particularly upon the detail ; to get a rough idea at any rate of 
the aim and object of the chemist, which you too, as a student 
of chemistry, must keep in view as you proceed onward. 

We look around and see that the world is made up of a 
^number of substances which differ from one another in very 
many ways. It is the province of the chemist to study one 
particular kind of difference which exists between bodies, which 
perhaps you will best understand if you have a special example 
given as an illustration or sample of the whole class. 

When a chemist examines a piece of chalk, for instance, he 
finds that it is not, as might be supposed, simply a piece of 
chalk and nothing else, but that he can obtain from it three 
other substances very unlike one another indeed. One is a 
gas which also forms part of the air we breathe ; another is 
carbon or charcoal, and the third substance is a metal. Thus 
we see that a light gas, black charcoal, and a metal, can be 
extracted from white chalk, at first sight a very unlikely cir- 
cumstance. Secondly, he finds that these three bodies are 
simple in themselves and cannot be broken up further, and he 
therefore calls them elements. Thirdly, he finds that by certain 
contrivances he can reunite these three, bodies and form a sub- 
stanee identical with the chalk from which they were extracted. 

_ B 
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Fig. 1. 




Again, water is found to be composed of two gases, one the 
same that is in chalk, the other a gas sometimes used for filling 
balloons ; these two gases unite to form water in every flame 
that burns, whether it be wood, candle, gas, or fluid that is 

burning. The water that is formed 
is not ordinarily visible, because it 
passes off into the air as gas, but 
that it is really formed can be de- 
monstrated in various ways. For 
instance, if a cold spoon, or a 
metal cup containing ice and salt, 
as shown in Fig. 1, be held over 
ever so clear a flame, water as it 
passes off is condensed, that is, 
reduced from the gaseous to the liquid state, and gathers in 
drops upon the under side of the metal, even though soot may 
be deposited at the same time by the flame. 

_. 2 You may often notice too 

that when a bright kettle 
of cold water is placed 
over a gas flame, the out- 
side of the kettle is covered 
with dew, which sometimes 
gathers in sufficient quan- 
tities to trickle down off 
the sides. This water is 
formed by the union of these 
two gases. 

Fig. 2 illustrates this 
fact in another way. A 
candle is burnt under a glass shade set upon a plate, the 
glass being prevented from actually touching the plate by some 
pieces of wood that support it, so that fresh air may get in 
under the edge of the glass to replace some of the burnt air. 
If this experiment be' conducted in a cold room, water will be 
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deposited on the sides of the glass and run down into the 
plate. 

If you think over it, you will acknowledge this to be an un- 
expected and most interesting fact, namely, that water is formed 
whenever a flame is burning, especially when you consider that ' 
in order to put out a fire water is thrown over it ; but neverthe- 
less it is a truth, and you have seen how it may be demon- 
strated or shown to be so. 

The extraction from chalk of the elements that compose it is 
called decomposing the chalk; and on the other hand, when 
water is formed by the two gases, the two gases are said to 
combine to form water. 

It is the especial province of Chemistry to consider the 
combinations of elementary bodies that form the various sub- 
stances of which the world is composed, and the decomposi- 
tions of compound bodies. It is really a science full of 
interest, which will increase as your knowledge of the subject 
increases. Chemistry tells what part of the air is essential 
to life, how it is continually becoming a part of our bodies, 
and how some part of our bodies is all the while turning into 
gas. and flying off all around. 

Chemistry teaches lis why fires burn brightly, what it is 
that makes bread rise, and how the bread nourishes our 
bodies ; how soaps are made, why they cleanse clothes and 
other things, and also how paints and dyes are mixed and 
employed. 

Many common things become most deeply interesting when 
they are looked at with the aid of Chemical Science. A most 
distinguished chemist (the late Michael Faraday) delivered 
six lectures to a young audience in London on the " Chemical 
History of a Candle," and they have been published, making 
a book of more than two hundred pages. 

In this book experiments are described, many of which you 
will be able to repeat for yourselves, with bottles and tubes 
that cost very little money, and by exercising a little contriv- 

b 2 



4 CHEMISTRY. 

ance yon can try many of them with what is already at your 
own homes. 

But yon need not do even this to be interested in Chemistry, 
because there are things that illustrate the subject con- 
tinually happening before you. There are experiments, so to 
say, going on not only around, but within you ; and yon have 
only to look and chemical action will be noticed everywhere 
about you. 
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CHAPTEE II. 

HYDROGEN. 

In the last chapter you were told that water was composed of 
two gases. One of these bodies has received its name from 
this circumstance, and is called Hydrogen, a word which means 
"water-maker." The other is called Oxygen, a word which 
signifies " acid-maker," because those who ' first discovered it 
thought that those bodies which are called acids, of which you 
will learn more presently, necessarily contained oxygen as one 
of their component parts. 

Hydrogen is the lightest of all known substances. A bulk 
of air weighs more than fourteen times as much as an equal 
bulk of hydrogen; while gold, which is one of the heaviest 
substances known, is nearly two hundred and thirty thousand 
times as heavy as hydrogen. 

A baUoon will rise into the air when the weight of the gas 
inside, added to that of the bag and of the car with its con- 
tents, is less than the weight of air which would occupy the 
space taken up by them altogether; so that hydrogen is a very 
good substance for filling balloons and makes them rise very 
swiftly into the air. 

Hydrogen is a colourless gas, like the. air we breathe. 
There are many other gases, which, like hydrogen and air, are 
colourless and transparent, that is, can be seen through like 
clear glass. The gas we burn is different from either hydrogen 
or air, although it contains hydrogen in combination with other 
substances. Oil or tallow is changed 1 into gas before it burns, 
the flame being burning gas. When wood or coal is burnt, all 
except the ashes that are left passes into the air, and generally 
manifests itself by a flame. 
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Hydrogen burns in air with a faint flame, giving little light, 
but very great beat, and in doing so forms water by com- 
bining with oxygen, which is in the air. 

When hydrogen is burned in oxygen water is formed by the 
combination of the hydrogen with the oxygen. Not an atom of 
either is lost, the atoms merely go into a new condition, uniting 
to form a liquid. In doing this, the bulk of both is made much 

smaller; what we call steam or 
vapour is first formed, and as 
this cools, dew appears in little 
drops; these drops collect together, 
and then water, as we usually see 
it, begins to gather. 

There are many ways in which 

you can see that water is formed 

by the burning of hydrogen in air. 

One is represented in Fig. 3. This 

figure you have seen before in the first chapter, page 2, and 

the experiment was then partly explained ; you are now prepared 




Fig. 4. 




to understand a further explanation. Hydrogen 
and a body called carbon are combined in tallow or 
gas. It is remarkable that this lightest of all gases 
helps to form solid .substances. As melted tallow 
goes up the wick, air brings oxygen to it all around, 
and heat makes this oxygen unite with both carbon 
and hydrogen in the tallow or gas. If under a jar, 
inverted as the jar or receiver marked H is, in Fig. 4, 
a lighted candle be placed, then by the union of 
oxygen with the carbon a gas is formed, which, 
being colourless and transparent, you cannot see. 
although it is really in the jar. Uniting with the 
hydrogen, oxygen forms water, which also goes up 
in vapour with the other gas, and so also you are 
unable to see it. But the inside of the glass being cool, the 
vapour soon collects upon it, and makes it dim, until after 
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a little time there is enough water to form drops which trickle 

In Fig. 6 yon have an experiment, in which hydrogen is 
burned alone without carbon. The materials for making hydro- 
gen are contained in the bottle which you see, and the gas as it 




forms passes out along the tube, in which is placed a substance 
for drying the gas before it reaches the jet where it is burned. 
The vapour, formed by the union of the hydrogen with the 
oxygen of the air, is condensed on the sides of the receiver A, 
and runs down on to the plate. 

If you take a piece of polished metal, such as a spoon or 
knife blade, and hold it for a few seconds over a candle or 
small gas flame, it will be dimmed by the vapour formed, as you 
have been told on page 2. Where many gas-lights are horning 
inside a room, water formed in this manner trickles down the 
window-panes. If H, in Fig. 4, be considered as a room, then 
water caused by the flame will soon form on the glass. 

It is now time for you to learn how hydrogen may be ob- 
tained. Sulphuric acid is a body containing hydrogen in com- 
bination with sulphur and oxygen, and if this body be brought 
in contact with zinc, a reaction, as chemists call it, occurs. 
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The zinc takes the place of the hydrogen, forming a new com- 
pound, sulphate of zinc, and the hydrogen of the acid is set 
free. , Into a bottle or retort, therefore, we place some pieces of 
zinc, some water, and some sulphuric acid, and into the neck we 
put a cork with a glass tube in it. The gas bubbles up through 
the liquid, carrying the air that is in the vessel along with it, 
and soon, when all the air is driven out, escapes alone, and 
can be lighted, just as ordinary gas issuing from a gas-burner. 

The water is introduced in order to moderate 
the violence of the action, by diluting the acid, 
so that it may be more gradually brought in 
contact with the zinc. In Fig. 6 is represented 
this apparatus, which is often called the "philo- 
sopher's candle." In making the gas in this 
way, great caution is required not to hold a 
light to the tube before all the air is driven 
out, for a mixture of hydrogen with common air 
explodes like gunpowder, and there is danger of 
the bottle being broken in pieces. 

The flame of hydrogen is of a very pale blue 
colour ; giving out so little light that in bright 
daylight you may not be able to see it at all, 
but possessing great heating power, as may be 
shown by introducing into the flame a piece of fine wire, which 
will very soon become red hot ; you may hence infer that there 
may be great heat where there is very little light. 

Another way of producing hydrogen depends on the rapidity 
with which oxygen, the other component of water, combines 
with iron. The apparatus is represented in Fig. 7. 

You see a furnace with an iron pipe like a gunbarrel running 
through it. Into this pipe are put fine scrapings of iron or 
bits of needles. At one end is another pipe from a retort con- 
taining water, and the water is heated by a gas flame or spirit 
lamp. At the other end is a tube with its open end under some 
water in a larcre basin or trough. As the water boils, steam, 
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which is only water in a finely divided state, passes through the 

iron pipe in the furnace. As it passes among the hits of iron, 

the oxygen of the water, in consequence of the heat, combines 

Fig. 7. 



with tho iron, forming an oxide of iron or rust. In doing so it 
parts company with the hydrogen, which, therefore, goes on 
alone through the other end of the pipe, and bubbles up through 
the water. There is over the end] of the pipe a glass vessel 
called a receiver — a wide-mouthed bottle with its open end 
downwards answers very well. This receiver is filled with 
water by being completely immersed in the large basin, and 
then turned mouth downwards and partly raised: out of the 
water. The mouth of the receiver is then placed' over the end 
of the pipe, and tho bubbles of gas, being lighter than water, 
rise up and take the place of the water, until the receiver is 
quite full of hydrogen gas. 

' The basin is called a pneumatic trough. It contains a shelf, 
a little under the water, on which receivers may stand ; and 
sometimes the shelf has an opening in it, so that the gas may 
bo discharged through it into a receiver placed over the hole, 
to save the trouble of holding the receiver in tho hand over 
tho end of the discharge pipe. 

A jar of gas is easily taken from the vessel when wanted for 
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experiment. Your own ingenuity may contrive several ways. 
One in to slip a small plate or piece of window-glass under 
the mouth of the jar before it is removed. It may then be 
taken from the trough of water, and placed on a table for 
examination. 

If the receiver be placed mouth upwards on a table and the 
glass plate removed, the gas will instantly rise into the air, 
since hydrogen is so much lighter than air ; for the same 
reason, if the receiver be held mouth downwards, its contents 
will not escape even though the plate be taken away. 

If the receiver, held mouth downward, is gradually turned 
upright, the hydrogen will pour from it in an upward stream, 
exactly in the same way as water would pour in a downward 
stream from a vessel held in the contrary position, the hydrogen 
being lighter, the water heavier, than air. And just as we 
catch the downpouring water in another receiver placed mouth- 
upward, so we catch the upstreaming hydrogen in a receiver 
placed mouth-downward. Fig. 8 represents this, which is often 
called the upward decantation of hydrogen. 




If a light he applied to the receiver, it will be seen that 
hydrogen burns differently, according to the way in which 
the jar is held. 'If held with the mouth upwards, the gas, 
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rapidly rising as it burns, bursts with a large flame, as seen 
in Fig. 9, and under some circumstances attended with a 
Pig. 9. Fig. 10. 




sharp report. But, if held with the mouth downward, the 
gas horns very quietly, as seen in Fig. 10, and at the same time 
the light, if pushed up into the jar, is itself extinguished. 
The gas does not come out freely, be- pj g |]_ 

cause, being lighter than air, it tends 
upwards and not downwards. As hy- 
drogen is so light, it has a very curious 
effect upon sounds, making them dull and 
weak. If what is called the squeaking 
toy is made to utter its voice in a jar of 
hydrogen the sound will be faint ; and 
if hydrogen is breathed into the lungs 
the voice becomes weak, hollow, and un- 
earthly. By placing a glass tube over a 
jet of burning hydrogen, as represented 
in Fig. 11, musical sounds can be pro- 
duced, which vary with the length and 
size of the tube. An amusing variety 
of sounds can be produced by nsi 
different tubes, and raising or lowering 
them while the name is singing. 




CHAPTEB III. 

OXYGEN. 

We now come to speak about the other component of water 
besides hydrogen, namely Oxygen, a substance whose name you 
were told in the last chapter means " acid-maker/ 1 though, as 
you will learn further on, there are a great many acids which 
do not contain oxygen at all. 

This gas oxygen is one of the most important substances to 
the life of man of all those found on the earth's surface. 
Indeed, you could not have done without it at any moment 
since you were born. Every time you breathe, some of it is 
taken into the lungs, and if the air did not contain oxygen, you 
would die just as quickly as you would under water. 

Oxygen is nourishment to the body. Though it does not, 
like other food, go into the stomach, it passes into the lungs, 
and is quite as necessary to the support of life as the food we 
swallow ; in one sense it is more so, for we may live for days 
without food being put into the stomach, but lung-food must 
be taken in every minute. Absorbed by the lungs, oxygen is 
a most important constituent of the blood that runs in the 
arteries and veins, and assists in making the solid parts of the 
body — bones, muscles, skin, &c. 

Besides the important part which it plays in the sustenance 
of animal life, oxygen forms a considerable portion of the world 
around us. As you know, water consists in a very great mea- 
sure of oxygen, and the ground beneath our feet and even solid 
rocks are formed partly of this substance. 

It may seem strange that gas can make part of such solids as 
flesh and bone ; but in winter a liquid becomes a solid, when 
water freezes into ice ; and this same water is always present 



OXTQEX. 



18 



in the atmosphere as a gas, although, being bo thin and trans- 
parent, it can no more be seen than the other gases in the air. 
Water then exists in the three states of a solid, a liquid, and 
a gas ; and oxygen too in the bones is a solid, in the blood 
and in water is a liquid, and in the air is a gas. 

Oxygen gas can be separated from some of the substances 
with which it is united, and so be obtained by itself. Chemists 
commonly use for this purpose a crystalline substance called 
chlorate of potassium, a name which you will better understand 
when you have read more of this book. This substance is 
reduced to a state of powder, and mixed with dioxide of 
manganese, a black powder which also contains oxygen; it is 
then placed in a retort and heated gently, as represented in 
Fig. 12. Heat causes the oxygen to separate from the crystals, 



Fig. 12. 




and, passing over through a tube fixed to the mouth of the 
retort, it can be collected in a receiver placed in a pneumatic 
trough, just in the same way that hydrogen was collected, in 
the previous chapter. The receiver may then be removed and 
the contents examined. 
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Fig. 13. Fig. 14. 




First of all we find that oxygen does not born in air ; bnt if 
a lighted taper fixed to a piece of wire bent as shown in Fig. 13 
is held in a jar of oxygen, as in Fig. 14, it will burn with 

dazzling brightness, and be rapidly con* 
sumed. Ton will understand the reason 
for this when yon remember what you 
were told in the last chapter about a 
burning candle or taper. It is the 
oxygen of the air that makes the taper 
burn at all, so you see that the more 
oxygen the taper gets the brighter and 
the faster it burns. Now only about 
one fifth of the air is oxygen, and so 
the taper in the jar will burn about 
five times as brightly and as fast as in 
common air. 

Some substances which do not burn brightly or with flame in 
common air may become bright and flaming in oxygen gas. 
Charcoal, burning in an ordinary fireplace, appears of a dull red 
heat, with no life in it — neither sparks nor flame ; but if a piece 
of this dull charcoal be put into oxygen, it will have a supply 
of gas five times as abundant as before, and consequently the 
activity of the combustion is increased ; this is manifested by 
the great number of bright sparks thrown all around and by the 
rapid consumption of the piece of charcoal. 

There is no substance that makes so brilliant a light when 
burning in oxygen as phosphorus, which sends out a very thick 
white smoke most brilliantly illuminated. 

If sulphur be' burned in oxygen gas, the smoke has a most 
beautiful blue colour, and arranges itself in a very singular 
way, going up straight in the middle of the jar, and then 
falling in curious rings down the sides. The gas which is 
formed by the combination of sulphur with oxygen in this com- 
bustion is called sulphurous anhydride. 

The mode in which you may arrange a taper, or charcoal, or 



phosphorus, or sulphur for burning in oxygon, is shown in 
Pigs. 15 and 16. A glass jar is first filled with oxygen in 
the way shown in Fig. 12, page 13, and the substance to be 
burned is placed at the end of a wire which is held up by 



Fig. 15. 




being passed through a piece of card, as seen in Fig. 16 ; or a 
bell glass may be placed over the substance as in Fig. 15. 

There are some substances which most people think cannot 
burn at all, yet they do burn very readily in pure oxygen. Iron 
is one of these. If you take a piece of 
fine iron or steel wire, and twist it as . 

you see in Fig. 17, a splendid fire can be ,— L-, 

made with it in orygen. As you cannot . "' rS 

set it on fire in air, and then introduce 
it into the oxygen as is done with 
phosphorus, sulphur, &&, you must dip 
the end of the wire in sulphur, or fasten 
to it a piece of charcoal, or something I 
that will burn in common air, and light ;.., 
that. If it ia then introduced into the 
oxygen, the burning substance on the end of the wire sets fire 
to the wire itself, which sends out showers of sparks in all 
directions. 



CHAPTER IV. 

NITBOGEN. 

Besides oxygen, the chief constituent of common air is a gas 
called Nitrogen, so named because it also forms an essential 
part of a substance known as nitre ; in five gallon£of air, about 
four gallons are nitrogen. 

Nitrogen differs from hydrogen and oxygen chiefly in possess- 
ing no active properties at all. For instance, nothing will 
burn in nitrogen, neither will nitrogen burn in air ; although it 
does not act as a direct poison, nitrogen is quite incapable of 
supporting animal life when breathed. Now you will remember 
that hydrogen burns in air; oxygen, although it does not 
burn, supports the combustion of other bodies, and is essential 
to animal life as lung-food; so you see then that nitrogen is 
distinguished easily from them, by possessing none of those 
properties. 

Although animals cannot live if they breathe only pure nitro- 
gen, yet this gas enters very largely into the composition of the 
flesh of all of them, and a supply of it in a proper form is 
necessary for the maintenance of life. It does not enter into 
the composition of them through the air they breathe, but 
through the food they eat ; nitrogen forming a large part of the 
vegetable substances that are used for food, thus becoming part 
of the flesh of animals. In a later chapter you will have an 
opportunity of learning more on this subject. 

Nitrogen does not act as a poison to an animal, for there is 
going into the lungs of all living creatures four times as much 
nitrogen as oxygen. 

Although, as you now know, nitrogen will not make anything 
burn nor keep animals alive when it is breathed, nevertheless 



NITROGEN. IT 

the presence of this gas in the atmosphere is most useful, both 
for the proper regulation of burning fires, and for the due supply 
of oxygen to the lungs. Nitrogen dilute* the air, and renders 
the action of the oxygen less energetic, just in the same way that 
water added to wine or spirits renders them less strong as 
drinks. Ton remember how brightly bodies burn in puro 
oxygen, and so you may understand that were it not for the 
presence of nitrogen, our fires would burn too fast, and not only 
the coal, but the iron of the grates would burn, and our houses 
too, in many instances ; and in the some way our lungs would 
get oxygen a great deal too fast, and we should be constantly as 
hot as we are after violent exercise. We should have the greatest 
difficulty in keeping ourselves cool ; we should be troubled much 
more by inflammation and fever, and thus our lives would be 
much shorter than they are at present. So you see, nitrogen 
is not without its use, inactive and dull though it be. 

Thongh nitrogen by itself has no active properties, yet 
in combination it helps 
very often to form power- 
ful and energetic bodies. 
For instance, nitric acid, 
hartshorn, and prussic 
acid, each contains nitro- 
gen ; and is a body which 
has very strong properties, 
and is a violent poison. 
You can get nitrogen front 1 
the air by a very pretty ex- 
periment, which consists 

in getting rid of the oxygen by making it combine with another 
body, and dissolving the product in water. 

A little place is hollowed out on a flat piece of cork and 
some chalk sprinkled into it ; into the hollow is put a piece of 
phosphorus, and the cork is floated in a basin or trough of water 
(Pig. 18). The phosphorus is lighted, by touching it with a 
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hot wire, and a good-sized glass jar is inverted over it so that 
the edge of the jar touches the water. If the jar holds a pint, 
a piece of phosphorus about the size of a pea will be needed. 
Great caution is required in handling the phosphorus, as it takes 
fire very easily. Watch the experiment, and you will notice that 
the phosphorus burns more and more dimly, and at last dies out 
before it is all consumed, and at the same time the water rises 
in the jar ; the dense white fumes at first formed gradually dis- 
appear as they are dissolved by the water. The explanation 
of all this is, that the phosphorus in burning unites with the 
oxygon, and continues burning as long as there is any oxygen 
left with which to combine ; it then goes out ; the white smoke 
formed is a body known as phosphoric anhydride, which dis- 
solving in the water, forms phosphoric 
Fig. 19. ^a . an j nitrogen only is left in the 

jar. 

If you wish to know exactly how much 
oxygen can be taken away from the air, 
you must modify the experiment in the 
following way. Instead of using a water 
trough, you must use a basin containing 
quicksilver, or, as it is generally called, 
mercury, and instead of the glass jar, use a 
test tube. Then, instead of burning phos- 
phorus, make a pellet of tow and soak it in 
a solution of pyrogallate of potassium, and 
cover it with the test tube. All the oxygen 
will be gradually absorbed by the pellet, 
and the mercury will rise in the tube, as in Fig. 19, and you 
can then measure more accurately the proportion of nitrogen 
left after the experiment is over. 




CHAPTEE V. 

CARBON. 

Thus far we have been studying some of the properties of the 
gases which constitute water and air, namely, hydrogen, oxygen, 
and nitrogen; now we come to the consideration of another 
element which is not a gas, but a solid. Carbon, however, 
forms gaseous combinations with each of the former bodies, and, 
therefore, may be said sometimes to exist as a gas. It ought 
to be of the greatest possible interest to us, as it is one of 
the principal sources of the wealth and importance of our 
English nation. 

Carbon, in a state of more or less purity, appears in various 
forms all over the world. It is found nearly pure in the 
diamond, in plumbago or graphite or, as it is more often called, 
blacklead (a very improper name, by the way, for there is not a 
particle of lead in it), and in anthracite coal ; Carbon forms the 
principal part of all the coal that is burnt Besides, it can be 
artificially extracted in the forms of wood charcoal, coke, lamp- 
black or soot, and ivory-black or animal charcoal. 

It may seem strange and improbable that the diamond, the 
most valuable and brilliant of gems, should be the same in its 
composition as a piece of common black charcoal, and as no one 
has yet been able to make a diamond it is right you should 
understand why the chemist considers them to be the same 
thing. The reason is simple, and is as follows. When a 
diamond is burnt in a jar of oxygen gas it forms identically 
the same compound as a piece of charcoal does when it 
burns in oxygen, namely carbonic anhydride gas ; and if two 
substances both form the same compound, chemically speaking 
they are the same thing. 

o 2 
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The diamond is perhaps the hardest substance in the world ; 
that is, you cannot scratch a diamond with anything else ; so 
that in preparing a diamond to be " set/' that is, fixed as jewels 
are in brooches, it has to be ground with diamond powder. A 
glazier utilises this property of diamonds in using a crystal of 
diamond to cut glass. 

All the different forms of carbon can be burned, most of them 
in common air ; but plumbago and the diamond require pure 
oxygen to effect their combustion. 

Ordinary charcoal is made from wood. Wood consists sub- 
stantially of carbon and of oxygen and hydrogen in proportion 
to form water, so that if we can drive off the oxygen and 
hydrogen in the form of water, the carbon will be left behind. 
This may be done by putting the wood into an iron retort and 
heating it in a furnace, when the oxygen and hydrogen are 
driven off, chiefly in the form of water, and carbon is left 
behind, retaining the form of the wood from which it was 
made. This is however generally effected by a much rougher 
process. A heap of wood is formed, and covered with turf, in 
which openings are made at the top and bottom to admit a 
small amount of air. The wood is then set on fire, and some 
of it slowly burns. The heat from the burning wood is used 
to drive off the oxygen and hydrogen from the rest of the logs, 
care being taken that sufficient heat is not produced to cause 
the whole mass of wood to burn. As the amount of heat gene- 
rated depends upon the supply of oxygen, the quantity of air 
admitted through the holes in the turf is a matter of some 
importance ; if the supply is not properly regulated, either the 
mass is insufficiently charred, or too much wood is burnt and 
so there is a waste of material. Of course that part of the 
wood which does the work of charring the remainder does 
not form charcoal itself, because its carbon unites with the 
oxygen of the air in burning, and goes off as carbonic anhy- 
dride gas. 

You can readily make charcoal in a small way yourself. If 




CARBON, 21 

you take a test tube, Fig. 20, and hold a slip of burning wood 
in it, the tube prevents the air from getting freely to the wood, 
so causing a smothered burning, 
and thus a slender piece of char- 
coal is produced. 

Coal, like wood, consists almost 
entirely of carbon, oxygen, and 
hydrogen; it is indeed supposed 
to have been originally wood, and 
to have been gradually changed in 
composition and appearance by the 
prolonged action of moisture, great 
heat, and pressure. But this is a 
matter of some uncertainty, as we 
have never been able artificially to produce coal from wood, nor 
actually to trace its formation by nature from the vegetable to 
the mineral condition. 

Soot, another form of carbon, is formed in the chimney when 
the supply of air to the coal or wood is not sufficient to con- 
sume its carbon entirely, that is, to convert it all into carbonic 
anhydride. The heat from that portion of the coal which is 
burning is sufficient to drive off the oxygen and hydrogen which 
in combination with carbon are contained in the rest of the coal, 
but not to heat them sufficiently to make them burn, or in other 
words combine with oxygen. The gases as they pass off carry 
with them minute particles of carbon from the coal, and these 
lodge on the sides of the chimney and are called soot. When 
fires are properly regulated, so that the right proportion of 
oxygen and carbon meet in the grate, there is no smoke, and 
such fires are said " to consume their own smoke." This is a 
subject of interest to those who use very large quantities of coal, 
such as ironfounders and manufacturers in general ; as the quan- 
tity of carbon which may go away and be wasted in smoke, in 
such furnaces as they use, may be very considerable in the 
course of a year; and it may all be saved and utilised by a 
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proper attention to the construction and stoking of their fur- 
naces. Unfortunately this subject does not meet with the 
consideration it deserves, and vast quantities of fuel are every 
day wasted and lost by the carelessness or ignorance of those 
who use it. 

Lampblack, so much used in painting, is. a kind of charcoal. 
It is made by letting the smoke of burning resin or pitch into a 
chamber lined with leather, when the lampblack collects on the 
sides of the chamber. 

There is a large quantity of carbon in many of the things 
which we see about us. There is carbon in chalk and in marble. 
So too there is carbon in shells of all kinds — eggshells, oyster- 
shells, &c. ; it exists in wood, in leaves, in flowers, in fruit, and 
indeed in most vegetable substances ; and the bodies of all 
animals have carbon as one of their principal ingredients. It 
does not show itself as carbon in these things, any more than 
hydrogen appears as hydrogen gas in water. It is, as it were, 
hidden by being chemically combined with other bodies ; but 
by separating it from these, it can be brought from its conceal- 
ment and shown as carbon. 



CHAPTER VI. 



OXIDES — ANHYDRIDES. 



We have considered the properties and the method of obtain- 
ing four elementary bodies, namely, hydrogen, oxygen, nitrogen, 
and carbon, and it will now be time to study some of the com- 
binations which they form with one another. We shall find 
first that, leaving out of consideration the proportions of each 
element in the different compounds, they form ten sets, in which 
occur every possible combination of the four elements, taken 
two, three, and four together, with the exception of one. The 
following diagram will illustrate this ; the brackets show which 
elements are united together in each set, and at the top of each 
bracket is placed the name of some body which serves as an 
example for the class to which it belongs in this arrangement. 
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Here you will notice that the last bracket but one has no 
name above it ; the reason is that hitherto no compound has 
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been discovered which consists only of oxygen, nitrogen, and 
carbon. 

In the next place we shall find that more than one combina- 
tion belongs to each class. For instance, there is more than 
one combination of hydrogen with oxygen alone, more than one 
of hydrogen with carbon alone, two of oxygen with carbon alone, 
and so on. These differ in the proportion by weight of the 
bodies which form them, a proportion, however, which is always 
the same for any particular substance. For example, as we shall 
presently see, there are two oxides of carbon; one of them 
always contains 42*86 per cent, of carbon, the other 27*27 per 
cent., and this percentage never varies, however the bodies may 
be obtained. 

In this chapter we will consider only those compounds which 
consist of oxygen and one of the other bodies, those, namely, 
which correspond to the first, fourth, and sixth columns in the 
diagram. Such bodies are termed in general oxides. 

There are two oxides of hydrogen, but one only is of sufficient 
importance to be worth our attention. This oxide, commonly 
known as water, and formed, as you ought to remember, by the 
burning of hydrogen or of bodies containing hydrogen in oxygen 
or air, contains 88*89 per cent, by weight of oxygen, the re- 
mainder of course being hydrogen, or by volume, in the pro- 
portion of two volumes of hydrogen to one of oxygen. To 
consider adequately the properties of this most beautiful and 
wonderful substance would require a large book, so that we 
must content ourselves with a mere glance at some of the most 
important or interesting points about it, remembering, at the 
same time, what a very slight knowledge we are acquiring in 
comparison with the importance of the subject. 

Briefly, then, water exists in three states — solid, liquid, and gas ; 
when solid it is called ice, when a gas it is often called steam. 
Water forms seven-eights of the entire human body, and exists 
in all living tissues, whether animal or vegetable. It is always 
present in more or less quantity in the atmosphere as an invisible 
gas ; even in the clearest day, when the air appears dry, there 
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is water-gas in it. As the amount which can be present depends 
upon temperature, by lowering the temperature of the atmo- 
sphere sufficiently, its presence can always be demonstrated, 
the excess of water being then deposited as dew, as, for instance, 
by bringing a very cold tumbler into a warm room. 

Steam occupies nearly seventeen hundred times the bulk of 
the water from which it is formed. 

It was shown in chapter ii. how hydrogen can be obtained 
from water when in the form of steam, by the action of iron upon 
the oxygen ; but there are certain metals, potassium and sodium, 
which will effect the same thing at the ordinary tempera ture-of 
water. This will be again referred to in the chapter which 
treats more particularly of those metals. 

Water is chiefly useful to the chemist from its power of 
dissolving solid substances, that is, rendering them liquid and 
transparent and mixing uniformly with them ; as, for instance, 
when sugar or salt is put into water. The solution, as it is 
called, differs from a chemical compound in many important 
particulars. Firstly, when a chemical compound is formed 
there is always an evolution of heat, but when a substance is 
dissolved in water the mixture is colder than before. This 
may be readily illustrated by a very simple experiment : sul- 
phuric acid when added to water combines with it ; Glauber's 
salt, on the contrary, dissolves in it. So if two tumblers or 
beakers of water are taken and a thermometer placed in each, 
and a little sulphuric acid be poured into one, while some 
Glauber's salt is thrown into the other, the thermometer will 
rise in the former beaker, and sink in the latter. In adding 
sulphuric acid to water be careful to pour it in very gradually, 
or the heat produced will crack the glass. In the second place, 
a chemical compound consists always of definite proportions of 
its constituents, while in a solution the ingredients may be 
present in any proportion whatever. 

By referring to the diagram above you will see that the sixth 
line indicates a set of compounds of oxygen with nitrogen. 
These are five in number, and contain respectively 36 ^ 
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53-33, 63-15, 69-56, and 74-07 per centage of oxygen, or if 
we take such portions of each as contain the same weight of 
nitrogen, the weights of oxygen in each will be in the proportion 
of the numbers 1, 2, 3, 4, and 5. 

The names and proportions of these different compounds may 
be tabulated thus : 

Nitrogen. Oxygen. 



In 22 lb. of Nitrous oxide, there are 14 lb. and 8 lb. 

30 „ Nitric oxide „ 14 „ 16 „ 

38 „ Nitrous anhydride „ 14 „ 24 „ 

46 „ Nitric per-oxide „ 14 „ 32 „ 

54 „ Nitric anhydride „ 14 „ 40 „ 



Percentage 
of Oxygen. 

36-36 
53-33 
63-15 
69*56 
74-07 



Notice that the first, second, and fourth compounds are called 
simply "oxides," but the third and fifth receive a different 
name, one which you have heard before, namely, " anhydride." 
They too are really oxides like the others, but they have this other 
name also for the following reason. They belong to a peculiar 
class of oxides which, when they come in contact with water, 
combine with it to form acids, while the other oxides merely 
dissolve in water without uniting chemically with it. Nitrous 
anhydride unites with water to form nitrous acid ; nitric an- 
hydride with water forms nitric acid. Observe, too, the use of 
the terminations ous and ic to denote different proportions of 
oxygen in the compounds. We shall come to speak more about 
these anhydrides when we are learning about acids. 

Nitrous oxide, more commonly known as "laughing-gas," 
resembles oxygen in supporting combustion very brilliantly, 
but it is readily distinguished from it by being much more 
easily dissolved in water. It can be breathed, but it has, under 
certain circumstances, a very peculiar effect upon the system of 
a person breathing it. If mixed with air it produces a state of 
exhilaration and excitement, which gives it the name " laughing- 
gas ; " but, if breathed pure, it causes a drowsiness and insensi- 
bility to pain for a short time, during which teeth may be taken 
out and surgical operations performed without the patient being 
conscious of anything which goes on. Of the other four com- 
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pounds of oxygen with nitrogen the two next in order are gases, 
the third a liquid, and the fourth a solid, at the ordinary 
temperature of the air. 

In the fourth column of the diagram are indicated the oxides 
of carbon. These are two in number, one of which only will 
be mentioned in this chapter ; the other being of sufficient im- 
portance to deserve a chapter all to itself. They are carbonic 
oxide and carbonic anhydride, and the proportion of oxygen in 
each is shown below* 

Carbon. Oxygen. 



In 7 lb. of Carbonic oxide, there are 3 lb. and 4 lb. 
11 „ Carbonic anhydride „ 3 „ 8 „ 



Percentage 
of Oxygen. 

57 14 
72-72 



Thus there is twice as much oxygen to a given amount of 
carbon in the one than in the other. A gallon of carbonic 
anhydride contains a gallon of oxygen, while a gallon of car- 
bonic oxide contains only half a gallon of oxygen. 

Carbonic oxide is a colourless gas which burns with a 
beautiful pale blue flame, often to be recognised in a Are burning 
in a common grate. It may be formed in many ways, but the 
particular method most interesting to us is that in which it is 
formed by passing carbonic anhydride over red hot carbon. 
This process goes on constantly in stoves and furnaces, and is 
one of the sources of the waste of fuel, because in this way 
a quantity of carbon is carried off unburnt without being con- 
verted into carbonic anhydride, as should be the case if it were 
properly consumed. . Carbonic anhydride is formed at the 
bottom of the furnace where the air can get at the coals, and 
passes up through the red hot fuel higher in the furnace ; there 
being no supply of air at this place, everything coming from 
below, the carbonic anhydride takes up some of the carbon as it 
goes along, and becoming carbonic oxide, passes off unburnt. 
If, however, it should get oxygen before leaving the furnace, it 
burns, and the whole of the fuel is thus utilised. 



CHAPTEB VII. 

CARBONIC ANHYDRIDE. 

Carbonic anhydride, as you learned in the previous chapter, 
is a gas composed of carbon and oxygen; and here we have 
another example of a solid body forming a gas when in combi- 
nation. 

Its name, carbonic anhydride, signifies that it belongs to the 
class of oxides which unite with water to form acids ; but car- 
bonic acid, the particular acid formed in this case, is a body 
which up to the present time has never been obtained pure ; it 
is always mixed with more or less water, and any attempt to take 
the water entirely away results in the decomposition of the acid 
again into water and carbonic anhydride. 

Carbonic acid forms with metals or their oxides a series of 
compounds called "carbonates;" what these bodies are you 
shall learn more particularly in another chapter. Chalk and 
marble are carbonates of calcium; potash is a carbonate of 
potassium, soda is a carbonate of sodium ; and there are many 
other bodies of the same class, some of which, like marble, are 
found among natural products of the earth, others, like soda, are 
the results of some process of manufacture. When carbonates 
are brought in contact with other acids, carbonic acid is formed, 
which, unless there is a very large quantity of water present, be- 
comes immediately decomposed into water and carbonic anhy- 
dride, the latter coming off as gas. One of the methods used 
for preparing carbonic anhydride is to make hydrochloric acid 
act upon marble. If some pieces of marble are put at the bottom 
of a glass vessel and a little hydrochloric acid poured upon them, 
an effervescence occurs, caused by the gas being set free from the 
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marble, and the vessel becomes full of carbonic anhydride, the 
air having been pushed out of the vessel by the gas as it rose. 

Carbonic anhydride is formed when charcoal is burnt in 
oxygen gas (as represented in Fig. 16), or in common air. In 
the latter case the carbonic anhydride is mixed with nitrogen, 
which does not combine, like oxygen, with burning carbon, and 
therefore is unchanged by the combustion. The amount of 
nitrogen present in the mixture can easily be calculated, if 
you remember that four gallons of air contain five gallons of 
nitrogen. 

For most of the experiments that we want to try with car- 
bonic anhydride, it answers very well to obtain the gas in the 
way that was first described in this chapter ; but for some expe- 
riments it will not do to have anything left in the bottom of the 
jar. In that case the gas must be made in a retort or a flask, 
and so pass out and be collected in jars, in the same manner that 
we obtain oxygen gas. Or, we can obtain it in the way repre- 
sented in Fig. 21. Here is a flask containing marble and hydro- 
chloric acid; one end of a bent 
tube passes through the cork, 
the other end nearly touches the 
bottom of the jar in which the 
gas is to be collected. The gas 
formed in the flask drives out the 
air before it, and, being heavier 
than air, remains in the bottom 
of the receiver after issuing from 
the mouth of the delivery tube. 
The thick part of the tube just 
above the flask contains materials 
for drying the gas as it passes over, a process which you will 
understand better at a future day. The properties of the gas 
in the receiver can now be examined. It has no colour and is 
transparent, in these respects resembling hydrogen, oxygen, and 
nitrogen ; but it has a faint smell, and a slightly acid taste. 
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It does not support combustion, and will extinguish a lighted 
candle lowered into the jar. This property of carbonic anhy- 
dride may be made the subject of a pretty experiment. Two 
jars may be taken, one full of oxygen, the other full of car- 
bonic anhydride. A candle lowered into the jar of carbonic 
anhydride goes out. If now it be instantly put into the 
other jar before the spark on the wick is extinguished, the 
oxygen ' re-lights the candle into a bright flame, and thus 
the candle can be put out and rekindled several times in 
succession. 

The candle goes out in carbonic anhydride for lack of oxygen 
to make it burn. You may think this a singular thing, because 
there %% oxygen in carbonic anhydride ; in fact, a gallon of car- 
bonic anhydride contains as much oxygen as a gallon of oxygen 
itself, and therefore five times as much oxygen as a gallon 
of air, which you know will support the combustion of a candle. 
But the difference between the two cases consists in the fact 
that in carbonic anhydride the oxygen is chemically combined 
with the carbon, and does not separate from it to unite with the 
combustible gases of the candle, and in air the oxygen is simply 
mixed with the nitrogen. This is a very good illustration of a 
striking difference between the two classes of bodies — chemical 
compounds and mechanical mixtures. 

With respect to this property of not supporting combustion, 
carbonic anhydride resembles hydrogen and nitrogen, but 
differs from oxygen. 

It also resembles nitrogen in another respect, namely, that 
it will not support animal life ; but with this difference between 
them, that while an animal breathing nitrogen dies for want of 
oxygen, carbonic anhydride acts as a direct poison, a very 
small proportion' of it in the air which is breathed being 
sufficient to destroy life. 

Carbonic anhydride is much heavier than air, a gallon of the 
gas weighing more than three times as much as a gallon of air. 
You can therefore pour it, in the same way, and for an exactly 
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similar roason, as you pour water from one vessel into another. 
Of course the vessel into which yon pour it is full of air ; but 
the air rises and over- 
flows when the heavy 
gas enters, just as oil 1 
would if you poured 
water into a vessel 
tilled with oil. 

Suppose you were 
to place a lighted 
candle or taper in 
the jat E, in Fig 22, 
and you poor carbonic 
anhydride from the 
jar A, as you see re- 
presented there; the 
gas passes down into B, 
forcing up the air, and when 
it reaches as high as the 
flame, the light will be c 
tinguished. 

In Fig. 23 is represented a 
very pretty experiment, show- 
ing that this gas ie heavier 
than air. First balance > 
jar with a weight. Now 
the jar is full of some- 
thing, namely, air, and that 
hit has weight ; so that we 
in reality balance a jar fidl 
of air. If carbonic anhy- 
dride is poured, as repre- > 
seated, into the jar < 
scales, the jar will descend and the weight rise, because there is 
nowagasintlie jar heavier than the air which filled it originally. 
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A jar filled with this gas can be emptied with a little bucket 
(Fig. 24), just as a tank of water might be emptied, and air will 



Fig, 24. 
\ 



take the place of the gas which is 
.- removed. 

*SSl^\^^^ If a soa P bubble fall into a jar 

I ^**(^Hr °f carbonic anhydride it will not 
^^^ sink to the bottom, as it would 
if the jar were fall of air, but 
descend a little way, and then 
ascend and remain in its open 
mouth. This is because the air 
that is blown into the bubble is 
lighter than the gas in the jar, and 
the bubble therefore floats on the 
gas as a boat on water. If the jar be 
only half full of the gas, air there- 
fore filling the upper half, the 
bubble will stop half way down. 

Another very entertaining ex- 
periment, showing that carbonic 
anhydride is heavier than air, is 
to pour the gas upon four or five lighted candles placed in 
a row, when one after another of them will be put out. 

This gas is sometimes used to put out fire, and an apparatus 
has been devised called " L'Extincieur, or chemical fire engine," 
whioh consists of a reservoir small enough to be carried on 
the back, containing the gas stored up under great pressure, 
to whioh a hose with a stopcock is attached. By opening 
the stopcock the gas rushes out in a stream, which can be 
directed upon the flames to be extinguished. Some years ago 
a ooal mine in Scotland was on fire, and could not be extin- 
guished by any ordinary means, and there was danger that a 
large quantity of coal would be wasted, if the fire continued ; a 
Mr. Gurney then made a quantity of carbonic anhydride in a part 
of the mine where it would sink down to the fire, and so pat it oat. 
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Sometimes carbonic anhydride is produced in wells, and, "being 
60 much heavier than air, it remains at the bottom. If a man 
goes down into such a well, he will have no difficulty at first, 
because the air is good ; but when he is near the bottom, where 
the gas has accumulated, he will gasp for breath and fall ; and if 
anyone, not understanding the cause of his trouble, goes down to 
assist him, he too will fall senseless, and both will quickly dio. 
The way to ascertain whether carbonic anhydride has accumu- 
lated at the bottom of a well is to let a light down into it. If it 
goes out, or even burns very dimly, there is enough of the gas 
to make the descent perilous. A man going down a well should 
always take a candle with him, which he should hold a consider- 
able distance below his mouth. If the light burns dimly, he 
should at once stop, before his mouth gets any lower and he 
takes some of the gas into his lungs. 

When this gas is in a well or pit, of course it must be ex- 
pelled before a man can descend. There are several expedients 
for doing this. One is to let a bucket down frequently, turning 



Fig. 25. 



it upside down, 'away from the 
month of the well, every time it 
is brought up, a plan which will 
remind you of the experiment 
represented in Fig. 24. 

Bat a better way is to let down 
a bundle of burning straw or shav- 
ings, so as to heat the gas. Now 
heated bodies expand, gases very 
much more than solids or liquids, 
and, in expanding, the weight of a 
certain volume, say of a gullon, 
becomes lessened. So that if we can 
beat the carbonic anhydride enough 
to moke a gallon of it weigh less than a gallon of air, it will 
rise out of the well just as hydrogen gas would do. Fig. 25 
shows how yon may perform this experiment upon a small scale. 
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A flask, full of hot water, and corked, is placed on a pad inside 
a deep beaker full of carbonic anhydride. If it stands on one 
side of the beaker, the effect on the gas inside will be that indi- 
cated in the illustration. The flask heats the gas all round it, 
and makes it expand until it is lighter than the cold air above ; 
consequently there is an upward current on that side of the jar, 
while cool fresh air pours in a downward current on the other 
side. The two currents follow the direction of the arrows. 
That the gas has passed away can be shown by lowering a 
lighted taper, which will in that case burn as brightly as when 
outside. 

Another expedient is to throw lime mixed with water down 
the sides of the well. Lime is the product of the action of 
water upon oxide of calcium. The anhydride, as soon as it 
comes in contact with the water, forms carbonic acid, and the 
acid, acting on the lime, forms carbonate of calcium or chalk, 
which adheres to the stones, as the mixture drips down the 
sides. 

There are places where carbonic anhydride collects in large 
quantities ; one of these in Italy is called the Qrotto del Cane, 
or Dog's Grotto. On the floor of this grotto or cave there 
is always a layer of carbonic anhydride high enough to reach 
above the head of a dog, but not above the head of a man. 
A man living near shows the grotto to visitors, taking a dog in 
with him, which of course falls down insensible. He however 
quickly brings him into the fresh air again, and with a dash 
of cold water revives him. The dog falls down • not merely 
lor want of oxygen, but because the gas does him positive 
harm. 

The gas in this cave comes from crevices in the roeks, a not 
uncommon occurrence in other places, especially in the neigh- 
bourhood of volcanoes, where it is also seen sometimes bubbling 
through the water of springs. It remains in the grotto for the 
same reason that it remains in wells and in glass receivers, 
because the air is very still, and it is kept from the wind which 



CARBOSIC ANHYDRIDE. 85 

would blow it about and cause it to mingle more quickly with 
the atmosphere. 

You must not suppose that carbonic anhydride would always 
remain in the bottom of an open receiver, uwless fresh gas 
is added as it is in the Grotto del Cane. Borne of the gas is 
always leaving the surface and mingling slowly with the air, 
a process which is called diffusion, and which takes place when 
any gas is exposed to the air but protected from draught. Fig. 26 
shows an experiment which illustrates the diffusion of gases. 

Two jars, A and B, of equal size are filled, the one, A, with 
hydrogen, which is a very light gas, and the other, B, with 
carbonic anhydride, which 
is a very heavy gas, and 
they are connected by a 
glass tube, 0, as shown in 
the figure, so that one jar 
communicates with the 
other, the hydrogen jar 
being placed uppermost, 
At first sight we should 
expect each gas to remain 
where it is fur an indefinite 
time, the light gas being 
at the top, the heavy car- 
bonic anhydride being at 
the bottom. But if we leave 
the jars iu position for a day 
or two, and then, examine 
their contents, we shall 
find that half the hydrogen has descended into the bottom 
jar, and that its place is taken by half the carbonic anhy- 
dride of the lower jar, so that there is an equal quantity of 
hydrogen and of carbonic anhydride in each jar. We may 
ascertain that this is the case by breaking the connection 
between the jars and immersing each of them mouth downward 
d 2 
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in a solution of caustic potash in water; all the carbonic 
anhydride will be absorbed, and the water will rise up half way 
into each jar, leaving only the hydrogen, which may be recog- 
nised by its inflammable character. 

The burning of charcoal in a close room is injurious to 
health ; even death may be occasioned by the union of the 
carbon in the charcoal with oxygen in the air. Hence charcoal 
ought never to be burned except in the open air, or in a room in 
which doors and windows are open, or in fireplaces where the 
chimney supplies an outlet by which the carbonic anhydride can 
escape. Ton see too that if any one be poisoned by gas from 
burning charcoal, the remedy is to open doors and windows and 
let fresh air enter the room. Bemember that the doors must be 
opened as well as the windows, for air must come along the 
floor to drive out the gas. 

The foam that comes from bottled beer, porter, champagne, 
&c, when the cork is drawn, is caused by carbonic anhydride, 
which is held imprisoned in the liquid by the pressure of air 
and gas inside as long as the cork is tight Water can be 
made to dissolve more of the gas under pressure, and when this 
pressure is taken away, the gas comes off. In soda-water the 
gas is forced into the liquid by a pump, and the bottle is corked 
under pressure ; when the cork is removed the gas is liberated 
and bubbles up. Very often in what is called soda-water there 
is no soda at all ; it is simply a solution of carbonic anhydride 
in water ; but properly this ought not to be the case. Very often 
soda-water is made from two white powders dissolved in water. 
One of these is carbonate of sodium, the other is tartaric acid. 
When they come together in a state of solution the tartaric acid 
takes the sodium and sets free carbonic acid, which is imme- 
diately decomposed into water and carbonic anhydride, the 
anhydride being given off and causing effervescence. When 
we drink soda-water, we take some of this gas into the stomach ; 
but poisonous as it is when it enters the lungs, it not only does 
no harm in the stomach, but is refreshing, and in moderate 
quantities may do good. 
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AMMONIA, CYANOGEN, HARSH GAS, OLSFIANT Ga£. 

In former chapters we have examined the properties of those 
bodies which are indicated in the first, fourth, and sixth 
columns of the diagram in chapter v. ; we shall now proceed 
to study some of the bodies indicated in columns 2, 3, and 5, 
those, namely, which are composed of two elements only, 
neither of which is oxygen. The first of these is the gas 
called Ammonia, its name being derived from the fact that 
the Bait from which it was originally obtained was found near 
the temple of Jupiter Ammon, in Lybia. It is a combination 
of hydrogen with nitrogen in such proportions that two 
gallons of it, when decomposed, furnish a gallon of nitrogen and 
three gallons of hydrogen; so that in two gallons of the 
compound ammonia we have four gallons of gas condensed to 
two. 

This gas is colourless and transparent, but has an acrid 
taste and a most pungent smell, causing tears to stream from 
the eyes. 

It does not support the combustion of a candle, but will itself 
burn in hot air or in pure oxygen. Like carbonic anhydride, it 
is fatal to animal life, but when much diluted it acts as a stimu- 
lant, the properties of sal volatile and of smelling-salts being 
due to the ammonia which is given off from them. Ammonia 
may be distinguished from any of the gases before mentioned 
by its smell, and by the extreme readiness with which it is 
dissolved in water, one gallon of cold water taking up more than 
a thousand gallons of the gas, but giving off again a consider- 
able quantity when heated. Another distinguishing property 
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of ammonia, which however is common to the class of bodies 
called alkalies, of which ammonia is a member, is its action on 
certain vegetable colouring matter. Turmeric is a yellow vege- 
table dye, whose colour is turned to a reddish brown when it is 
exposed to ammonia. 

Litmus is a blue substance obtained from one of the plants 
called lichens, some of which you may have seen growing on 
old walls and ruins, and its colour is turned red by the action 
of acids ; the blue colour may however be restored by ammonia 
or any other alkali. 

Ammonia is obtained from sal ammoniac, the salt mentioned 
above, by heating it with quicklime, that is, oxide of calcium. 
The gas, however, cannot be collected over the pneumatic, 
trough which contains water, because it is, as you have been 
already told, so extremely soluble in water { but, being lighter 
than air, it can be collected in a receiver placed mouth down- 
wards, just as it would be placed for holding hydrogen ; or, if 
you are anxious not to have the least trace of air mixed with it, 
a trough must be used containing mercury, a body which has 
no action on ammonia, the receiver prepared for it being also 
filled with mercury and inverted over the trough. 

Ammonia is formed when organic matter, that is, matter 
which forms organised beings, animals and vegetables, putrefies 
or decays, and is also one of the chief products when such 
bodies are cremated or burnt. The pungency of the smell of 
burnt feathers or hair arises from the ammonia which is formed 
from them by the heat. 

Cyanogen, the body which is signified in the sixth column of 
the diagram, is a colourless transparent gas, with an odour of 
peach kernels, and poisonous to breathe ; it burns in air with a 
peculiar purple-tinged flame, and is dissolved by water to a 
certain extent. A gallon of water dissolves four gallons of the 
gas. It is chiefly interesting to the chemist, as being the first 
compound body which was found to combine with elementary 
bodies in the same way that elementary bodies combine with one 
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another, and its discovery by Gay-Lussac, a French chemist, at 
the beginning of this century, was the starting point of a most 
important change in the theory of chemical actions, which has 
exercised a gradually increasing influence from that time to 
this. You will not at present be able to appreciate its impor- 
tance or to understand the chemical theory alluded to, but at 
some future day, when you are more familiar with chemical 
actions, you will doubtless share the interest it has awakened in 
the minds of experienced and learned men. 

The third column is now the only one left which signifies 
the union of two of the elements only. The body selected as a 
specimen, marsh gas, consists of carbon and hydrogen, and, as 
its name implies, is formed in marshy plaees and stagnant 
pools, where vegetable matter is decaying. It is best made by 
heating a salt called acetate of sodium with hydrate of sodium, 
or, as it is often called, caustic soda, in a retort. Caustic soda 
will eat away glass if it is heated with it ; so, to prevent the 
retort from becoming worn through, some quicklime is put in, 
which cakes round the glass and prevents the action of the 
caustic soda upon it. The gas which comes off may be collected 
in the usual manner over the pneumatic trough, and its proper- 
ties can then be examined. 

Marsh gas is transparent and colourless, a gallon of it weigh- 
ing rather more than half as much as a gallon of air. It is not 
dissolved by water ; and does not support the combustion of a 
candle, but itself burns in air with a bright yellow flame, which, 
however, by arranging that the gas shall be partly mixed 
with air before it is burnt, may be made nearly colourless and 
transparent. When marsh gas is burnt, both the carbon and the 
hydrogen in it burn, that is, unite with oxygen in the air ; the 
former becoming carbonic anhydride, the latter forming water. 
If a gallon of marsh gas be mixed with two gallons of pure 
oxygen, and a light is applied to them, they explode, much 
in the same way that hydrogen and oxygen do, and both 
marsh gas and oxygen disappear entirely ; one gallon only 
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of gas being left, which will be found to be carbonic anhy- 
dride ; the water formed at the same time becoming condensed 
immediately to the liquid state, and consequently occupying 
an altogether inappreciable volume. From this we may learn 
how much hydrogen there is in a gallon of marsh gas, if we 
bear in mind certain other facts which we hare already met 
with. We may reason as follows. 

The result of the combustion of a gallon of marsh gas with 
two gallons of oxygen is one gallon of carbonic anhydride gas 
together with an unknown quantity of water. On page 27 we 
learnt that a gallon of carbonic anhydride contains a gallon 
of oxygen ; consequently, as we originally started with two 
gallons of oxygen, the remaining gallon of oxygen must have 
gone to form the water. But on page 30 we see that a gallon 
of oxygen, in order to form water, must unite with two gallons 
of hydrogen, therefore there must have been two gallons of 
hydrogen in the gallon of marsh gas from which the water was 
made. You may find this rather hard to follow at first, but it is 
well worth an effort to master, and you will better see its signi- 
jficance when we return to the subject in another chapter. 

Marsh gas is the chief constituent of the gas we burn, which is 
made by heating coal in iron retorts. In coal mines this gas 
frequently bursts out from a crevice, discharging itself in jets 
sometimes for months together, and is one of the sources of 
danger to which the miner is exposed ; a mixture of it with air 
causing explosions in the mine, which too often are attended 
with loss of life. As the mines are dark the workmen are 
obliged to carry lights with them, and when a flame comes in 
contact with a mixture of marsh gas (or, as miners call it, fire- 
-damp) with air, the gas is. set on fire, and the owner of the lamp 
is killed either by the explosion which follows, or by the 
carbonic anhydride which results from the explosion. George 
Stephenson the engineer, and Sir Humphry Davy soon after 
him, invented a lamp which may be safely carried into such 
a mixture without causing an explosion, depending upon tho 



AMMONIA, CTASOGSN, MARSH GAB, OLEFIANT GAS. 41 

fact tbat a flame will not pass through very fine tubes or wire 
gause. Figure 27 represents the lamp designed by the latter, 
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Fig. 28 showing its internal arrangements; this lamp is tha 
one generally used, and is called the " Davy safety lamp." 

That a flame will not pass through Fig. 30. 

such a lamp yon can. ascertain for your- 
self by making the experiment in Fig. 29. '" | ' -\o 
Hold a piece of wire-gauze over a jet of / • TIT 
gas issuing from a burner, and apply a 
lighted taper above the gauze. The gas 
will burn above, but will not descend to 
the jet : or press a piece of gauze down ^ 
ou a burning candle, as shown in Fig. 30, 
when the flame will bend down under- 
neath, and though smoke may come 
through no flame will appear on the 
upper surface. 

The explanation of this is, that for a 
Same to be kindled, the gas must be first 
raised to a certain temperature ; and this 



42 CHEMISTRY. 

the gauze prevents, because, being a good conductor of heat, it 
carries away the heat of the flame on one side- of it, before it 
can raise the temperature of the gas immediately in contact 
with it on the other side sufficiently to commence chemical 
action. 

Besides marsh gas there is another constituent of coal gas 
which resembles marsh gas in several ways. It too is a com- 
pound of hydrogen and carbon, but the proportions in which 
they are combined are different in this case, as may be inferred 
from the following fact. A gallon of olefiant gas, for this is 
the name of the body, requires three gallons of oxygen to con- 
sume it completely, the result of the combustion being two 
gallons of carbonic anhydride and some condensed water. As 
in the case of marsh gas, we reason thus : two gallons of car- 
bonic anhydride contain two gallons of oxygen, consequently 
the remaining gallon of oxygen must have gone to form the 
water; one gallon of oxygen combines with two gallons of 
hydrogen to form water, therefore a gallon of olefiant gas con- 
tains two gallons of hydrogen. Thus we see that a gallon of 
marsh gas and a gallon of olefiant gas contain the same quan- 
tity of hydrogen ; but we shall find the quantity of carbon to be 
different when we remember that a gallon of marsh gas fur- 
nished carbon enough for only one gallon of carbonic anhy- 
dride, while a gallon of olefiant gas has sufficient carbon in it 
to form twice that quantity ; that is, olefiant gas has twice as 
much carbon in it as marsh gas. 



You have already leant incidentally a good deal about the air, 
but in this chapter we will supplement that knowledge with 
some more facts about its composition and properties. 

The principal components of air are oxygen and nitrogen ; 
lint there are generally some other gases present, and of these 
carbonic anhydride is the most important and the most con- 
stant. The relative proportions of these throe gases may be 
understood roughly by examining Fig. 31, in which the large 
cube represents the bulk of nitrogen, the next the bulk of 

Fig. 81. 




oiygen, and the very little cube at the side the bulk of carbonic 
anhydride in the air. The atmosphere is considered to be from 
forty to fifty miles high, and consequently exerts an ei ormous 
pressure on the surface of the earth, which has been estimated 
at more than forty-two thousand tons on every acre, of which 
seven tons are due to carbonic anhydride. There is also in the 
air a very variable amount of water gas, and slight traces of 
ammonia, nitric acid, marsh gas, and sulphuretted hydrogen, a 
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body with which we have not yet become acquainted, but which 
together with ammonia is formed by decomposing matter. 

Continual additions are made to the carbonic anhydride in 
the air in various ways. Every fire, for instance, adds to it ; 
for, as you have read in previous chapters, when wood, coal, 
and other substances burn, the carbon in them unites with the 
oxygen of the air forming carbonic anhydride. 

A fire, then, lessens the oxygen, and at the same time adds to 
the carbonic anhydride, as may be exemplified by placing a 
lighted candle under a glass jar on a plate, when the flame 
gradually becomes dim, and at length goes out. If, as the 
candle is about to go out, the jar is raised, the flame will 
brighten again, because in so doing carbonic anhydride, which, 
being heavy, has fallen to the bottom of the jar, is let out, and 
fresh air enters to supply oxygen. As the carbonic anhy- 
dride collects at the bottom, if you put a long and a short 
candle under the same jar, the short one will be extinguished 
first. 

Every animal, too, is breathing out carbonic anhydride, a fact 
which can be proved by a very simple experiment. Put some 
lime water into a glass, and breathe into it through a tube. 
After a little time the water becomes milky, owing to the 
formation of chalk (carbonate of calcium) by the combination 
of the carbonic anhydride with the water and the lime. This 
will remind you of one of the methods described for removing 
carbonic anhydride from a well, in chapter vii. 

The quantity of carbonic anhydride breathed out in a day 
is very considerable ; it is calculated that a full grown man 
breathes out in twenty-four hours more than two pounds of the 
gas, and in this there is not less than half a pound of solid 
carbon. He throws off from his lungs therefore, in the course 
of a year, nearly two hundred pounds of charcoal, considerably 
more than his weight. 

The air, then, after it is breathed, is altered in two ways, both 
of which make it less fit to be breathed again ; the oxygen is 
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diminished, and carbonic anhydride is added to it ; the amount 
of nitrogen is unaltered, for it is neither taken up by the lungs 
nor given off by them. 

The way in which air is rendered poisonous by being 
breathed may be exemplified by the story of a ship called the 
Londonderry. The vessel was crowded with emigrants, and 
during the voyage met with a severe storm. All the passengers 
were ordered to keep in the cabin; the only fresh air they 
could get came through an opening in the deck, and conse- 
quently the air down below became very foul and oppressive ; 
but the miseries of the crowded people became intensified when, 
in consequence of the waves breaking over the ship and pouring 
down into the cabin through the opening, the captain ordered 
the hatchway to be nailed over with a tarpaulin, that is a cloth 
which is water-and-air-tight. Then no pure air whatever 
reached them, and every breath expired added carbonic anhy- 
dride to the atmosphere of the cabin. For some time their 
sufferings were unknown to those on deck, as the noise of the 
storm drowned their cries of distress ; but at length one of the 
emigrants succeeded in forcing a hole in the tarpaulin, through 
which he attracted the attention of the captain and made him 
acquainted with the state of things below deck. The tarpaulin 
was at once removed, when it was found that some had already 
died, and many were in a dying state from the want of air. 
However, the fresh air which came in on the removal of the 
tarpaulin revived most of them, just as the fresh air let into 
the jar in the last experiment brightened the expiring flame 
of the candle. 

Another notable instance may be cited, in which the Viceroy 
of Bengal, Surajah Dowlah, after having taken Calcutta, in 
June, 1756, thrust one hundred and forty-six English people 
into a loathsome dungeon, known as the Black Hole, where in 
one night, there not being fresh air enough for them to breathe, 
the greater part of them died of suffocation. 
The air, being thus continually charged with carbonic anhy- 
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dride in the ways above mentioned, would in time become unfit 
for the support of animal life, were there no means of counter- 
acting this tendency supplied by nature in other ways. This 
work is done by the leaves of plants, which perform a function 
analogous in kind, but opposite in effect, to the lungs of 
animals. Trees and plants breathe, but in so doing they absorb 
carbonic anhydride, and give out in exchange oxygen, and 
thus the balance of proportions in the atmosphere is preserved. 
Leaves present on their surfaces minute pores or mouths of 
tubes, which, under the influence of sunlight, absorb carbonic 
anhydride, whence it is carried to all parts of the plant, the 
oxygen being separated eventually from the carbon and re- 
discharge6\ while the carbon is retained and furnishes material 
for the growth of the tree, carbon being, as you know (see 
chapter v.)^ one of the chief ingredients of wood. 

You would probably expect, then, to find the proportion of 
carbonic anhydride in the air to be very different in the neigh- 
bourhood of a large forest, and in a place where there are very 
few trees, and that also there would be a greater quantity of 
carbonic anhydride in winter,, when the trees are destitute of 
leaves, than in summer when they are covered with foliage. 
But this is not the case, owing to the tendency, alluded to in 
the last chapter but one, of gases to mix together until they 
are in the same proportions throughout their whole substance, 
a tendency which is very much assisted in the case of the 
gases in the atmosphere by the winds which are constantly 
moving different portions of the air from one part of the earth 
to another. 

The amount, however, of water-gas present in the air, you 
were told, varies very much at different times, and the cause of 
this variation, although not belonging properly to the chemical 
branch of science, is so interesting and important, that the fol- 
lowing attempt to give a brief though necessarily imperfect 
explanation of it will be well worth your attention. We 
all know practically that boiling water is hot, and that the 
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steam which is formed is hot also ; if there is water in the air, 
it must be necessarily of the same temperature as the rest of 
the atmosphere, and consequently it must be quite different in 
respect of temperature from the water-gas which is formed from 
boiling water. 

Now whenever water has one of its surfaces exposed, that 
is to say, not pressing against a solid, as for example the upper 
surface of water in a bottle half full, or the surface of a sea or 
lake or pond* or puddle, some of it will be turned into a gas at 
that surface, and pass away from the rest (a process called 
evaporation) until the gas which is formed exerts a certain defi- 
nite pressure on the surface of the water, the amount of which 
depends upon the temperature of the gas, being greater if the gas 
has a higher, smaller if the gas has a lower temperature. When 
this pressure is. reached there is. a sort of balance between the 
pressure of the evaporated gas on the one hand and the tendency 
of the water to. evaporate on the other, the amount of force, as 
it were, on. each side being regulated by the temperature of the 
evaporated water-gas. In the ease of the atmosphere this 
pressure is due to the weight of gas above the surface of water 
exposed, and therefore may be taken as a measure of the- amount 
of water-gas present in a given volume of the atmosphere. 
Suppose, then, on a hot day the surface of water in any particular 
place has been giving off a quantity of gas until the pressure 
has reached the point where evaporation stops- (a point, re- 
member, which depends on the temperature of the water-gas 
which is formed), and then by some means the gas is cooled, as 
for instance by meeting with colder air; the pressure becomes too 
great for its. temperature, and must therefore diminish. That is, 
some of the water-gas must become liquid water again, and con- 
sequently change the amount of water in the atmosphere. In 
such a way as this dew is formed, which really is water-gas con- 
densed during the night, which had been evaporated during the 
previous warmer day, but which, as the temperature falls, has 
become in excess of that which is- required to stop evaporation. 
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The effect of the oxygen and nitrogen in the air upon the 
evaporation of water is not to alter in the least degree the 
amount of water evaporated, bat only to diminish the rate of 
evaporation. If there were no gases in the air at all, the only 
difference would be that the water would instantly throw off 
enough gas to balance its tendency to evaporation, whereas as 
the case now stands some time is required for this point to be 
reached. The weight of the air then pressing on the water 
has no other effect upon its evaporation, except that its rate is 
checked. 



CHAPTEB X. 

CHLORINE — BLEACHING. 

Common dinner-salt is a substance made up of two elements, 
one of which is a metal called sodium, and the other a body 
of which we shall now consider the properties. It is called 
chlorine, a name derived from a Greek word signifying 
yellowish-green, because of the peculiar colour which this 
body possesses. 

Chlorine combines with many other elements besides sodium, 
and the compounds which it forms with single elements are 
called chlorides, just as compounds of oxygen with single 
elements are called oxides. Thus common salt is called by 
chemists chloride of sodium; calomel is called chloride of 
mercury. Chlorine may be obtained from common salt by 
mixing the salt with some dioxide of manganese (the body used 
in the preparation of oxygen), placing the mixture in a retort 
with some sulphuric acid and water, and applying a gentle 
heat. 

Chlorine is a 'gas, at the ordinary temperature of the air, of a 
yellowish-green colour, and so excessively irritating to the 
lungs when breathed that the greatest caution must be exer- 
cised in its preparation not to let any of it escape. This is 
rather a difficult matter, because, as chlorine is dissolved by 
cold water, the pneumatic trough cannot be used for collecting 
it; neither is the mercury trough available, which was used 
for collecting ammonia, as chlorine acts very readily upon 
mercury. 

The gas is, however, about five times as heavy as air, and 
can therefore be collected, like carbonic anhydride, by the 
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displacement of air. Fig. 82 shews an apparatus which may be 
used for this purpose, in which a is the retort in which the gas 



is made, and 6 is a receiver, placed on a lower level, to collect 
the gas as it comes over. 

If it is essential to obtain the gas for any experiment free 
from admixture of air, chlorine may be collected over the pneu- 
matic trough in which hot water is used; for water dissolves 
more of the gas at low than at high temperatures. When a jar 
of the gas is done with, care must be taken not to let the gas 
escape into the air of the room in which the experiments are 
being performed ; the best plan is to poor into the jar some 
hydrate of sodium (caustic soda) and shake it up well until all 
the smell of the gas is gone. 

Chlorine has a great tendency to combine with hydrogen, 
forming a compound known as hydrochloric acid, or, as it is 
sometimes called, muriatic acid, a name given to it for reasons 
which will be explained in the chapter on acids ; in so doing a 
gallon of chlorine combines with a gallon of hydrogen, forming 
two gallons of the acid, which is also a gas like hydrogen. In 
consequence of this tendency chlorine will support the combus- 
tion of a candle, or of bodies containing hydrogen, but as the 
carbon of the candle does not bum in chlorine, the flame will 



CHLORINE— BLEACHING. 51 

give off great quantities of smoke or soot. If a piece of blotting 
paper be soaked in turpentine, and placed in a bottle of chlorine, 
the action of the gas on the hydrogen of the turpentine is so 
energetic as to cause the paper to catch fire, and at the same 
time great quantities of soot are deposited. A mixture of 
chlorine and hydrogen may be caused to combine by applying . 
a flame to it, or by subjecting it to the action of light. If the 
direct rays of the sun fall upon the mixture the combination 
takes place with explosive violence, but by exposing it to 
diffused daylight the action goes on quietly and gradually. We 
have learned that chlorine dissolves in water, but this solution 
is difficult to keep for any length of time, as, if placed in the 
daylight, the chlorine will separate the hydrogen from the water, 
setting free the oxygen, and soon the solution becomes one of 
hydrochloric acid instead of chlorine. Many other elementary 
bodies have a strong affinity for chlorine, especially if they are 
in a finely divided state. For instance, copper foil, powdered 
antimony, and arsenic will take fire spontaneously in chlorine, 
as will also be the case with phosphorus, each of them forming 
a chloride of the element which undergoes combustion. 

Hydrochloric acid is a gas, colourless and transparent, fuming 
when it comes in contact with the air, in consequence of con- 
densing its moisture, and forming with it a liquid compound 
which has not the same tendency to evaporate or pass into a gas 
that pure water has. It is very soluble in water, but not so 
much so as ammonia, a gallon of water dissolving about 
480 gallons of hydrochloric acid gas. It does not, however, 
act upon mercury, and so can be collected over the mercury 
trough. 

This gas can be formed for examination by acting upon 
common salt with sulphuric acid, when the hydroota is 
supplied by the acid and the chlorine by the salt, theiftoium 
which is left from the salt uniting with the Sulphur and oxygen 
which remains from the acid forming a new salt commonly 
known as Glauber's salt, but which chemists call sulphate of 
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sodium. The following diagram will render this reaction more 
easy to be understood and remembered : 



Chloride of 
Sodium. 



Chlorine 
Sodium 

[~~ Hydrogen 
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Sulphuric _ 0xygen 



acid. 



L 



Sulphur 



Chlorine 
Hydrogen _ 
Sodium 
Oxygen 
Sulphur 



Hydrochloric 
acid. 



Sulphate of 
Sodium. 



Here we see that there is an interchange of sodium and 
hydrogen between the two bodies, which is an example of what 
chemists call reaction*. 

From hydrochloric acid chlorine can be obtained by the 
aotion upon it of dioxide of manganese, under the influence of 
a gentle heat. 

The tendency of chlorine to form hydrochloric acid, whenever 
it comes in contact with a body containing hydrogen, makes the 
gas useful to us in two most important ways. By its means we 
can bleach vegetable colouring matter, and we can also destroy 
many deleterious gases, which are compounds of hydrogen. 

For bleaching goods the chlorine is prepared by acting 
with an acid, usually sulphuric acid, on bleaching-powder, 
a body which contains chlorine and parts with it readily. 
The chlorine which is set free combines with the hydrogen 
of the dye, and at the same time forms a colourless compound 
with the other ingredients of the colouring matter, and in 
this way effects a bleaching action. Another way in which 
chlorine bleaches is by setting free oxygen from water, when 
it combines with the hydrogen. Oxygen, when it is first set 
free from a combination, acts muoh more powerfully than 
under other circumstances, and in this case forms colourless 
compounds with the materials it bleaches. 80 that in this 
case chlorine only bleaches indirectly, the actual work of 
whitening the material being performed by oxygen. 




CBLORISE— BLEACHING. 53 

Woollen goods, that is, goods made of the hair of animals, 
•re not bleached by chlorine, bat only goods made of some 
material of vegetable origin. A piece of coloured calico placed 
in a jar of chlorine gas will be on- 
bleached as long as it is dry ; bat 
if the rag be moistened the colours 
will be extracted. A good experi- 
ment to show the bleaching effect 
of chlorine is to pat a little bleach- 
ing powder and acid into a saucer, 
and some flowers in a pot close 
to it; cover both flower -pot and 
saucer with a bell - glass, when 
the flowers will soon become quite 
white. 

Chlorine will bleach ink spots, bat will have no effect upon 
printer's ink. 

Chlorine is used very extensively in the manufacture of 
paper, the colour of the rags from which the paper is made 
being removed by the action of this gas. 

Chlorine is also of groat use in purifying foul air, for which 
purpose it is made by placing moistened hi caching- powder or 
chloride of lime in saucers. The acid necessary to set free the 
gas is supplied by the combination of the carbonic anhydride of 
the atmosphere with the moisture of the saucer. 

Salt, the principal source of chlorine, is found native in all 
parts of the world, the most famous mines being those of 
Poland, Hungary, and Cheshire. Though salt has been taken 
from the salt mines of Cracow for centuries, it is supposed there 
is still enough to supply the world for centuries more. Some 
parts of these mines have been shaped into beautiful forms as 
tbe salt has been taken out ; chapels, halls, Ac., have been made, 
the roofs of which are supported by huge pillars of salt, which 
present a very splendid appearance when illuminated by torches 
And lamps. 
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In England most of our salt is obtained from salt-springs, 
the most noted of which are in Cheshire. When the name of a 
place ends in tries, as Northwtcs, Droittoics, &c, salt either has 
been or is now found there. In the water of these springs there) 
is between eight and nine times as much salt as there is in sea- 
water. To get salt from them wells are dug, and the brine is 
pumped up and conducted to boilers where the water is driven 
off by heat. Sometimes, however, the salt is obtained by ft 
slower process ; the brine is exposed to the sun in extensive 
shallow vats, called evaporating pans, and the water gradually 
passes off into the air, leaving the salt behind. In hot climates 
salt is often obtained from sea-water by this method. 



CHAPTER XI. 

IODINE — BROMINE. 

Tribe are in sea-water, besides chlorine* twd other substances 
very much resembling chlorine in several ways. One of these, 
iodine, is found there combined with sodium just as chlorine 
is, but the quantity of it is much smaller than the quantity 
of chlorine in the sea, so small indeed that it would almost 
escape observation, were it not for the fact that sea-weeds 
extract it from the water and store it up in their tissues. 
Sea-weed is to us the source of iodine ; the weed is burnt, and 
the ashes that are left, called kelp, contain a certain quantity 
of iodide of sodium, from which the element iodine may bo 
obtained by a process whioh is rather complicated, but which 
is in the main similar to that by which chlorine is extracted 
from chloride of sodium. 

Iodine, whose name is derived from the Greek word for its 
colour when a gas, is a dark coloured solid somewhat re- 
sembling blacklead, which passes into a gas having a splendid 
violet tint when gently heated. This vapour is one of the 
heaviest gases known, and will support the combustion of a 
taper, much as chlorine does, and resembles chlorine also in 
setting fire to phosphorus spontaneously and combining with 
it, and in forming a gaseous compound with hydrogen similar 
to hydrochloric acid, which consequently is called hydriodic 
acid. Iodine has such a strong tendency to combine with 
phosphorus that they will unite if tbey come together even in 
the solid state, the chemical action causing sufficient heat to 
ignite the phosphorus. 

Iodine is most useful in medicine, though poisonous if taken 
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in more than very small quantities, and it also forms with 
silver a compound which is acted upon by light in a peculiar 
way, so that photographic pictures may be taken by its agency. 

Bromine is extracted from sea-water, a gallon of which 
contains rather less than a grain of bromine, by a process 
something like that for the extraction of iodine from kelp. 
It is not, however, combined with sodium in sea-water, bat 
with another metal named magnesium, a metal which is found 
in considerable quantities, combined with other substances, all 
oyer the world, and whioh is remarkable for its singular pro- 
perty of burning in air, producing as it does so a light of 
most extraordinary brilliancy. Bromine is found almost in- 
variably wherever common salt is deposited, and also in salt 
springs, 

Bromine is a brownish-red liquid giving off deep orange-red 
fumes, which have such an exceedingly offensive smell as to give 
the substance a name derived from the Greek word signifying 
stench. It is a very deadly poison, and more irritating to 
breathe in vapour than even chlorine. It forms with hydrogen, 
like chlorine and iodine, a gaseous combination which is 
called hydrobromic acid. 

These three substances, chlorine, iodine, and bromine, are 
peculiar to sea-water, in which they are always found com- 
bined with other substances. These compounds, together with 
various other salts found in sea-water, originally came from 
rooks and soil washed by the sea, or rivers which run into the 
soa, and consequently the proportion of the different matters 
dissolved is subject to a slight variation in different parts of 
the world, depending partly upon the nature of the soil whioh 
prevails in any particular place. The names of the different 
substances found dissolved in the sea are chloride of sodium, 
chloride of potassium, chloride of magnesium, bromide of 
magnesium, sulphate of magnesium or Epsom salts, sulphate 
of calcium or gypsum, carbonate of calcium or chalk ; of which 
chloride of sodium exists in by far the largest quantity, the 
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second place being occupied by the chloride and sulphate of mag- 
nesium. Some inland seas and lakes contain more saline matter 
than the ocean itself, partly because they have no outlet, partly 
because there is so much salt in their neighbourhood. Suoh 
ire the Caspian Sea, the Dead Sea, and the Lake Aral. 

The more salt there is dissolved in water the more dense it 
is, that is, the heavier a cubic foot of the water becomes. Tho 
effect of this increase of density is to increase the buoyancy 
or floating power of the water, as may be illustrated by tho 
following experiment. An egg will sink to the bottom of a 
jar full of fresh water ; but if some strong brine, that is, a 
mixture of salt and water, is poured down a long tube to the 
bottom of the jar, it will force up the pure water and egg, 
the egg remaining at the bottom of the fresh water, but floating 
on the surface of the brine. 

In consequence of this it is that the Dead Sea has suoh a 
floating power, a man having no difficulty whatever in keeping 
his head above the surface ; indeed, so great is the difficulty of 
keeping one's limbs and body below the surface that swimming 
is very difficult in this sea. A ship there could carry a cargo 
which would cause it to sink in river water. 



CHAPTEE XII. 

COMBUSTION. 

V 

Whbnevkb chemical action takes place heat is either absorbed 
or given out, the act of combination being attended with a 
production of heat, and, if it be sufficiently rapid, light also. 
When a rapid chemical action causes much heat or light, or 
both, it is called combustion or burning. Thus, when oxygen 
combines with hydrogen to form water great heat is given out, 
and the hydrogen is said to burn ; so when iron combines with 
oxygen in the way mentioned on page 15, the iron is said to 
burn in the gas. 

Very often, however, chemical action takes place more slowly, 
so that no light is produced, as for instance when iron rusts ; 
this is sometimes spoken of as slow combustion. In such cases 
there is always heat given out, but so slowly and gradually 
that no light is apparent. 

It must not be supposed that oxygen is always essential to 
combustion. On page 50 it was stated that a candle will burn 
in chlorine, and it has been shown, too, how chlorine and iodine 
vapour will support the combustion of many bodies ; but in all 
cases of combustion in air it is the oxygen which is the active 
agent, and so if it is required to preserve any body from 
combustion in air, it is protected by a covering of some sub- 
stance which is unacted on by oxygen. For instance, an iron 
fence is painted to preserve it, because oxygen has no com- 
bustive action on paint, and the paint keeps the oxygen of the 
air from getting at the iron ; phosphorus is kept under water 
for the same reason. 

When a fire is put out by smothering, the same cause ope- 
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rated ; the oxygen of the air is excluded, and the fire goes out 
for want of oxygen. An extinguisher on a candle shuts out 
the air, and a blanket, coat, or rug wrapped round a person 
whose clothes are set on fire will extinguish the flame by 
shutting out the air. 

When, therefore, fresh fuel, wood of coals, is put on a fire, 
care must be taken not to smother the fire by putting it on so 
as to stop the air from getting freely at the burning fuel which 
is already there, or the fire will be extinguished from lack of 
the oxygen necessary to keep it burning; and on the other 
hand, a fire may be kept burning slowly for ft long time by so 
arranging the coals that the air may get at the burning fuel 
rery gradually, a contrivance often made use of by stokers of 
engines when they wish to moderate the heat of their furnaces, 
and yet to keep the engine ready for work on a short notice. 
The action of carbonic anhydride on flame is of the same 
nature {see page 30). 

In order that a body may burn in oxygen it must first be 
raised to a certain temperature; coal gas, for instance, must 
be heated by applying a flame to it before it will inflame; 
but when it has once been ignited, the heat produced by the 
chemical union is sufficient to keep the gas at the necessary 
temperature. One way, therefore, of extinguishing a flame is to 
lower the temperature of the burning substance, and this is the 
principal way in which water operates in putting out a fire. 
The water is converted into steam, and so takes a great deal 
of heat from the fire; .it also helps to extinguish the flame by 
smothering it, the steam which is formed shutting out the 
oxygen of the air. 

It may be considered surprising that water and carbonio 
anhydride should have this effect, as they are both bodies 
containing a quantity of oxygen ; but the oxygen in them is 
already chemically united with some substance, and has no 
tendency to separate and unite with any other. As combustion 
in air results from the union of oxygen with the burning sub- 
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stance, it follows that the more freely oxygen is brought in 
contact with the fuel the brighter will be the fire. For this 
reason bellows cause a fire to born more fiercely, and often kindle 
into lively combustion a fire which is nearly expiring. Never- 
theless, if too much air is blown into a fire or upon a flame it 
will put it out, because the air exerts such a cooling action upon 
the burning bodies as to bring their temperature below that 
which is necessary for combustion to take place ; this is what 
occurs when a candle is blown out ; the flame being extinguished 
mainly on account of the cooling action of the air forced 
upon it, but partly also because the burning gases are driven 
away from their source, so that the fresh gases which come 
'from that source are not kindled. 

It has been mentioned already that it is necessary to raise 
bodies to a certain temperature before combustion can take 
place (page 59) ; but this temperature is different for different 
substances, and sometimes even varies in the case of the same 
substance according as the combustion is rapid or slow. Thus 
candle grease, coal gas, and grate fuel require a considerable 
heat, the heat of another flame, to be applied to them before 
they will ignite in the air; red-hot iron will burn in pure 
oxygen ; the composition with which a match is tipped will take 
fire with the small amount of heat which friction gives to it, 
and iodine and phosphorus, if brought together at the ordinary 
temperature of the air, inflame spontaneously, although their 
combustion can be prevented by surrounding them with a 
mixture of ice and salt, which produces cold enough to bring 
their temperature below the point at which they can ignite. 
Phosphorus unites slowly with the oxygen of the air at a tem- 
perature equal to that of a moderately warm summer's day, but 
in order that it may inflame and undergo rapid combustion it 
must be raised to a higher temperature, 140° (Fahrenheit). 

Some substances cannot burn at all, or at all events they 
have never yet been raised to the temperature necessary to 
inflame them. Gold is one of these, which, though exposed to 
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an intensely hot fire, does* not combine with oxygen from the 
air, although it does melt. Gold l undergoes neither quick nor 
alow combustion in sir, it does not rust like iron and many 
other metals; hence, outside work which is oovered with real 
gold leaf (not the leaf called Dutch metal, whioh looks very 
like gold leal) never rusts or tarnishes in air. 

1 A statement has been published with referenoe to the fire at Chicago, 
giving results of the various degrees of damage done to ledgers and bust* 
neat books, Ac., which were locked up in iron safes. Some of the papera 
considered best and strongest suffered most, but all the books with gUt rnfyot 
were, when opened, in a perfect state compared to the others ; and the 
question arises, whether it would not be polioy to gild the edges of business 
ledgers, Ac, &o, of importance. 



CHAPTER XIII. 

PHOSPHORUS — MA TCHES — SP AUKS — SULPHUR. 

Tbi element phosphorus is found in combination with the metal 
oaloium and with oxygen as phosphate of calcium in the soil of 
the earth, from which it is extracted by plants and vegetables, 
and stored up in their seeds, and so becomes a part of the food 
of animals. 

Of the body of animals it forms a most important constituent, 
phosphate of calcium being the substance to which bones chiefly 
owe their hardness* When bones are burnt, the ash that is left 
consists mainly of phosphate of calcium, from which the element 
phosphorus may be extracted by a suitable process. 

Phosphorus is a soft yellow solid with much the appearance 
of wax, and is easily melted. As, however, phosphorus under- 
goes slow combustion in warm air, and is rapidly burned at a 
very slightly elevated temperature, it must always be melted 
either under water or in an atmosphere of gas which has no free 
oxygen in it, such as hydrogen, nitrogen, or carbonic anhydride. 
If it takes fire in the hand, it inflicts such severe burns, that it 
should never be handled out of water, if possible. When it 
burns in air it combines with oxygen, forming white fumes 
called phosphoric anhydride, which unite with water to form 
phosphoric acid. 

The low temperature at which phosphorus takes fire makes it 
useful in the manufacture of matches, which are lighted by 
simple friction on a rough surface. The pieces of wood are 
first gummed and sprinkled with sulphur, or steeped in paraffin, 
and are then tipped with a composition which is composed 
mainly of glue, phosphorus, and chlorate of potassium, the latter 
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being a body which parts readily with its oxygen, and therefore 
assists the combustion. Men engaged in this manufacture are 
liable to a terrible disease, in which the bones of the face are 
destroyed, owing to the fames of the phosphorus which is 
employed. 

Of late years, however, a new method of making matches has 
been discovered, in which the workpeople are not exposed to 
this danger, and which has the additional advantage that the 
matches only ignite on the box, or upon a similar grit to that 
which is laid on the box. 

Sir Benjamin Brodie discovered that if phosphorus is heated 
in an atmosphere containing no oxygen, and a very small piece 
of iodine dropped upon it, the whole mass undergoes a remark- 
able change. The phosphorus then no longer looks yellow and 
waxy, but is red and powdery ; it no longer fumes in air, and 
may be heated to a very considerable temperature (500° Fahr.) 
before it is oxidized or burnt, but if very slightly rubbed with 
chlorate of potassium it detonates. The grit of the matoh-hox 
is therefore mixed with red phosphorus, and the match-head 
tipped with a composition containing chlorate of potassium, so 
that the match if rubbed on the box readily takes fire ; but as it 
contains no phosphorus itself, it does not ignite if rubbed 
against an ordinary rough surface. 

The heat necessary to ignite a match is obtained, then, by 
friction, and friction has been in all ages and among all nations 
the principal means of obtaining flame and fire. Savages were 
accustomed formerly to sharpen a piece of hard wood to a point, 
which was inserted into another piece of soft wood and placed 
among some light chips. The pointed piece was then rapidly 
turned after the manner of a drill, until sufficient heat was 
obtained by the friction of the two pieces of wood to kindle the 
chips. 

This method, besides being most laborious, requires no mean 
skill for its proper performance, and a most valuable advance 
was made by the introduction of the flint, steel, and tinder box. 
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When a piece of iron strikes a piece of flint or hard stone 
with considerable force it is often seen to strike fire, that is, 
to produce a spark, as may be observed when a horse's shoe 
strikes a stone in the ground at night. This spark is a piece of 
iron torn off and rendered so hot by the concussion and friction 
as to become red hot and unite with the oxygen of the air, 
becoming oxide of iron. The heat produced is sufficient to 
ignite the very small piece which is torn off, but not the larger 
mass of iron left behind, as would be the case if the air consisted 
of pure oxygen, and thus the rest of the shoe is not burnt. 
Such a spark falling on tinder, which is rag either partially 
burnt or soaked in nitre and dried, will cause the tinder to 
smoulder away, and from the smouldering rag a flame can be 
obtained by applying to it a piece of wood tipped with sulphur. 
The tinder was therefore kept in a box, and a flint was struck 
by a piece of steel in such a manner as to cause the spark to 
fall on the tinder, a feat by no means easy to perform, an un- 
skilful person often being a long time before a light was ob- 
tained by these means. 

Friction sometimes produces heat enough to cause a fire 
where it is not at all desirable to do so, and cases have occurred 
of machinery and railway trains being set on fire by this means, 
when the parts which rubbed one against another were not kept 
sufficiently greased to prevent friction. In these cases sufficient 
heat was produced to cause some part of the machine, which was 
made of wood and was in contact with the hot metal, to combine 
with the oxygen of the air and burn away. 

When a knife-grinder, with his rapidly revolving wheel, 
causes sparks to fly off, he is in reality burning part of the knife 
which he is sharpening, the union of oxygen with the iron in 
the particles of steel which are ground off causing the sparks 
that are seen to fly about. 

Sulphur or brimstone is a yellow solid found native and in 
combination with iron and other elements chiefly in the neigh- 
bourhood of volcanoes. It burns in air with a blue flame, 
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forming sulphurous anhydride. It is quite insoluble in 
water, but forms a liquid compound with carbon, in which it 
may be dissolved. It is used sometimes as a medicine, and with 
this view is often placed in lumps in the water which is given 
to dogs to drink ; this is, however, it is needless to say, quite 
useless for the purpose for which it is intended, as none of the 
sulphur is dissolved in the water. In order that it may be taken 
into the stomach, the powder known as flowers of sulphur should 
be mixed with the animals' food. 



F 



. CHAPTER XIV. 

FLAKE — GAS — CANDLES. 

All the different substances which are used for illumination 
are, with one or two exceptions, compounds of carbon and 
hydrogen, commonly called by chemists hydrocarbons. Coal 
gas, tallow, wax, paraffin, photogene, solar oil, and many others, 
are hydrocarbons ; colza and other similar oils contain oxygen 
in addition. All these substances are burnt as gases, and all of 
them form water and carbonic anhydride by combining with 
oxygen in the air when they are burnt. When these substances 
are burnt in the ordinary manner the flame presents several 
remarkable characters, which are worthy of attention, because 
according as they are severally modified so the light and heat 
produced by the flame vary. 

In the first place, then, the flame is hollow like a shell, the 
interior of the shell being filled with unburnt gas, as may be 
shown by holding one end of a small glass tube or piece of 
tobacco-pipe in the middle of the flame. Some of the unburnt 
gas will pass off through the tube and issue from the other end, 
where it can be lighted. Another experiment illustrating this 
is to cut the head off a wax match and hold it in the very 
middle of the flame on the end of a knife, when it will take 
some time before it is kindled. Gunpowder, too, may be held 
in a flame, if it is very quickly introduced, and held upon a 
piece of broken porcelain. If a splinter of wood be held directly 
across the flame, so that it shall run through the dark part, that 
part which is in the middle will be unburnt, while the wood 
will take fire on each side, where it touches the outside of the 
flame. Again, a sheet of good glazed note paper may be de- 
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pressed on the flame in the same manner as the gauze in Fig. 30, 
and on its being raised again there will be seen a ring black- 
ened and singed, with the centre not discoloured. These experi- 
ments all tend to show that there is no great heat in the interior 
of a flame. Careful observation will show that 
there are three distinct parts in a flame, as repre- 
sented in Fig. 34. A dark space inside a a', com- 
posed, as we have seen, of unburnt gases coming 
from the wick or jet ; a bright envelope, fe g ; 
and an almost imperceptible outer envelope, bed. 
Some observers describe a fourth portion, a light 
blue zone which surrounds the wick at the bottom 
of the flame, and answers to the lower fourth of deb 
in the drawing. 

That part of the flame in which the most com- 
plete combustion is going on is the envelope bed. 
Here the oxygen of the air has free access to 
both carbon and hydrogen, and both are com- 
pletely burned there. In the envelope /eg the hydrocarbons 
meet with only a limited supply of oxygen, as the oxygen 
has first to come through the envelope bed, where com- 
bustion is going on. The consequence is that there the 
combustion is incomplete, and the hydrogen, having a greater 
affinity for oxygen than carbon, separates from the carbon, and 
forms water, while the heat formed thereby makes the particles 
of separated carbon white hot. This is the cause of the lumi- 
nosity of that envelope. The carbon particles as soon as they 
reach the outer envelope meet with more oxygen, and these are 
burned, forming carbonic anhydride. No oxygen reaches the 
inner cone at all, and consequently there is no combustion going 
on there, as was shown above. The envelope b e d is, however, 
feebly luminous, and this is said to be due to the air which is 
raised to incandescence by the heat of the combustion. 

If a cold body, such as a piece of porcelain, be held in the 
flame, it will cool the particles of carbon down below the tem- 
f 2 
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perature at which they burn, and they are deposited npon it in 
the form of soot 

As the brightness of a flame is caused by solid particles of 
carbon, it follows that the more particles there are separated 
and raised to a white heat, the brighter will be the flame. For 
example, the flame of alcohol is dull and feeble, because alcohol 
contains comparatively little carbon, and the oxygen of the air 
can consume it at once with ease. But if a jet of chlorine gas is 
thrown into the middle of the flame it at once makes it bright, 
because it keeps the oxygen out, and at the same time only 
oombines with the hydrogen of the alcohol, and so causes a 
separation of carbon. 

It is possible, however, to have more carbon separated than 
can be heated to incandescence in the flame, or the supply of 
oxygen may be insufficient to carry on combustion rapidly 
enough to give the required temperature to the carbon; when 
this is the case the flame is dull and smoky. This is often 
exemplified in lamps which burn paraffin oil. If they are not 
turned up high enough the flame does not supply sufficient heat 
to raise the carbon to the required temperature, and if they are 
turned up too high the supply of oxygen is not sufficient for the 
proper combustion of all the materials composing the flame. 

The flame of coal gas is similar to that of a candle if the jet 
is a round hole, but the jets generally used alter the shape of 
the flame, so that it is difficult to observe the different parts. 
The object of the modified shape of the flame is to cause a 
greater separation of carbon, and so increase the brightness of 
the flame. 

If the flame of an ordinary burner is applied to a cold surface 
in order to heat it, some of the carbon is deposited upon it in the 
form of soot. But this deposit of soot means imperfect com- 
bustion, and consequently waste of fuel. If it be desired to 
obtain all the heat which the gas can give by combustion, it 
must be so arranged that it is all burnt. This may be managed 
by an arrangement seen in Fig. 29. A piece of wire gauze is 
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supported an inch or two above the gas jet, so that as the gas 
streams upwards it becomes well mixed with air, and a light is 
applied at the top of the gauze. The resulting flame is ex- 
tremely hot, and almost colourless; no bright particles of carbon 
will be seen in it at all. 

A more convenient arrangement is the burner devised by the 
German chemist Bunsen, which consists essentially of an iron 
tube, about three inches long, open at both ends, into the lower 
end of which a gas jet enters for about three quarters of an 
inch. The gas issuing from the jet draws air from below with 
it up the tube, becomes mixed with the air in its passage, and 
burns with a colourless flame at the top. The lower end of the 
tube has generally a contrivance for regulating the size of the 
opening, so that the proper amount of air may be drawn up for 
the size of the flame required ; as if too much air is admitted an 
explosive mixture is formed in the tube, and the flame descends 
to the jet below ; if, on the contrary, too little air finds its way 
up, the flame becomes luminous, and deposits soot upon cold 
bodies held in it. 

These different properties of a flame are often utilised by 
chemists, and made to assist various chemical changes which 
are required, and, by making use of a special artifice, are 
severally intensified or diminished according as the occasion 
demands. The instrument used to modify the supply of air to 
the flame is called a " blowpipe," and is represented in Fig. 35, 
where a man is depicted blowing on to a flame in order by its 
aid to effect the reduction of a metal from one of its compounds 
placed on a piece of charcoal. 

The blowpipe is used on a flame for two different objects, 
independently of its heating effect ; namely, to induce oxygen to 
unite with substances, and to take oxygen away from substances. 
In order to see how these two opposite results may be produced 
it will be necessary to examine the effect which the stream of 
air from the nozzle of the pipe has upon the flame. 

The flame itself should be, if possible, a gas*-flame issuing 
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from a long narrow slit, or if gas cannot be used the flame of an 
oil lamp with a flat wick, or a spirit lamp in which the spirit 
is mixed with a little turpentine, so as to render the flame 
luminous. 

The stream of air must be continuous, not in jerks or puffs; 
in order to effect this, the air must not be forced up direct from 
the longs, but the month most be made a reservoir, and the force 



Fig. 35. 




necessary to expel the air must come from the cheeks alone. 
This arrangement will offer no impediment to the ordinary 
breathing, and a little practice will enable any one to keep up a 
proper stream for an indefinite length of time. 

If now a gentle stream be directed on to a good-sized flame 
the character of the flame will be very little changed, but the 
temperature will be increased. A body held in the middle of 
the flame, in the midst of combustible gases and surrounded by 
glowing partioles of carbon, will be in a very favourable position 
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for parting with any oxygen which it may contain, and therefore 
this kind of flame is called the reducing flame. 

I£ secondly, the nozzle of the blowpipe be placed further in 
the flame, as shown in Fig. 36, and a moderately strong blast be 
driven through the flame, 
the flame will consist of 
two portions, a bright lu- 
minous portion aa\ and a 
faint blue portion b c. The 
combustion is incomplete in 
the portion a a', on account 
of the cooling effect of the 
air which is driven through, 
and consequently this part of the flame has more or less of the 
character of the reducing flame. 

By the time, however, that the air has reached b c it has 
become heated and ready for combustion. In this portion, 
therefore, the combustion is complete ; there is besides an excess 
of hot oxygen in a favourable condition for combination, and 
therefore this flame is used for oxidising bodies, and is called 
the oxidising flame. 

In Figs. 35 and 36 are examples of a reducing and an 
oxidising flame respectively ; in the one the blowpipe is held 
outside the flame altogether, in the other the nozzle is inserted 
into the flame. The substance being reduced in Fig. 35 is 
placed on charcoal, because the charcoal, being heated by the 
flame, is ready to combine with oxygen, and therefore assists in 
the reduction of the metal. 

All the different contrivances for burning oil and gas have 
for their object the supply of the proper amount of air to the 
flame, some of them causing the air to impinge upon the lower 
part, so that the pale portion, consisting of unburnt gases only, 
may be as small as possible, some confining the heated current 
of air surrounding the flame by a chimney, so that the upper 
part receiving a greater supply of oxygen may not smoke. 
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In candles the fuel is burnt in the form of gas. The heat of 
the flame melts the tallow or wax, which then rises up the wick 
in virtue of a mechanical property of surfaces in contact with 
each other, known as capillary attraction, and is there converted 
into gas and burnt. 



CHAPTER XV. 

ACIDS — SALTS. 

The term acid was originally applied to bodies which had a 
sour taste, the word acid meaning in Latin " like vinegar," and 
afterwards became to mean a corrosive body also. 

The test of acidity was then considered to be the power which 
a body had of neutralising the effect of an alkali upon litmus 
and other vegetable colours, and of being itself neutralised by 
an alkali. An acid turns blue litmus red, and an alkali turns 
yellow turmeric brown, and restores the blue colour to litmus 
previously reddened by an acid (see p. 38). But an acid and an 
alkali can be mixed together so that their combined effect is 
nil upon litmus or turmeric, and the mixture is then said to be 
neutral. 

When oxygen was discovered, the properties of acids were 
attributed to that body, as all the acids then known were found 
to contain oxygen. Hence the name oxygen, or " acid-maker," 
was given to it ; and hence, too, those oxides which have been 
mentioned in chapter vi. as forming acid solutions in water, 
were termed anhydrides, as they were considered to possess the 
essential part of an acid in them, which only needed the presence 
of water to become manifest. The discovery, however, of the 
body now called hydrochloric acid presented a difficulty in the 
way of this theory, which was met by assuming chlorine to be 
an oxide of a body termed murium, and hence the acid was 
called muriatic acid, a name by which it is still known. But 
the discovery .of iodine and bromine, and the acid compounds of 
hydrogen which they form (chapter xi.) overthrew the theory 
altogether, and it was then that chemists remarked that the one 
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body common to all acids, the loss of which destroys their pro- 
perties, is not oxygen, but hydrogen, as is illustrated in the 
subjoined list : 



Hydrogen " 
Chlorine 

Hydrogen " 



Hydrochloric acid. 
(Chlorides.) 



Hydrosulphurio 
acid. 
Sulphur | (Sulphides.) 



Hydrogen " 
Nitrogen — 
Carbon 



Hydrocyanic acid, 

or Prussic acid. 

(Cyanides.) 



II 



Hydrogen " 
Chlorine — 
Oxygen __ 
Hydrogen " 
Sulphur — 
Oxygen 
Hydrogen " 
Nitrogen - 
Oxygen __ 



Chloric acid. 
(Chlorates.) 



Sulphuric acid. 
(Sulphates.) 



Nitric acid. 
(Nitrates.) 



There are certain bodies, one of which is the hydrate of 
potassium, which react upon acids by exchanging a metal for 
hydrogen, forming a salt of the acid and water, thus : 



Hydrochloric 
acid. 



Hydrate of 
Potassium. 



Again; — 



Nitric acid. 



Hydrate of 
Potassium. 



" Chlorine 
_ Hydrogen 
~ Potassium 

— Hydrogen 
__ Oxygen 

I Nitrogen 

t Oxygen 
Hydrogen 
' Potassium 

— Hydrogen 
Oxve^en 




Chloride of 
Potassium. 



Chlorine 

Potassium 

Hydrogen j 
Hydrogen — Water. 
Oxygen 




Nitrogen 
Oxygen — 
Potassium _ 
Hydrogen 
Hydrogen — 
Oxygen __ 



Nitre, or 

Nitrate of 

Potassium* 



Water. 
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The column on the left represents the bodies before, that on 
the right represents them after the reactions (page 52). 

In these reactions hydrogen and potassium change places, 
and, consequently, in potassium hydrate there is half as much 
hydrogen as in water. 

A reaction in which both bodies are changed by mutual 
action, is often called a double decomposition. 

A salt, then, is the result of exchanging hydrogen in an acid 
for a metal, and the name of a salt is made to indicate from 
what particular acid it is derived. Thus, a salt derived from 
hydrochloric acid is called a chloride, from hydrosulphuric acid 
a sulphide, from sulphuric acid a sulphate, from nitric acid a 
nitrate, and so on. If the salt or acid contain oxygen, the last 
two letters are te ; if not, they are de. Of those which end in 
te, if there are two or more acids made up of the same com- 
ponents, but containing different amounts of oxygen, the salt 
derived from the acid which contains the most oxygen usually 
ends mate; the next in order, ite ; the next ends in tte, and has 
also the prefix hypo. Thus there are three acids all containing 
hydrogen, phosphorus, and oxygen — phosphoric acid, phos- 
phorous acid, and hypophosphorous acid. The salts of the first 
are called phosphate*; of the second, phosphite*; and of the 
last, ftgrpophosphtte*. 

One of the reasons which led chemists of former days to con- 
sider anhydrides as acids without water, was the fact that they 
have an acid taste. But this no doubt is due to the fact that 
when they are placed in the mouth they come in contact with 
moisture, and, consequently, an acid is formed there. An anhy- 
dride — carbonic anhydride, for instance — will not redden dry 
litmus paper, but hydrochloric acid gas will do so with ease. 

An acid, then, may be described as a body which, firstly, 
contains hydrogen and is capable of reacting with hydrate of 
potassium, exchanging hydrogen for a metal, while at the same 
time water is formed; which, secondly, changes the colour of 
blue litmus to red; which, thirdly, causes effervescence with 
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carbonate of potassium or sodium. The effervescence in the 
last case is due to the evolution of carbonic anhydride, and is 
caused thus : A carbonate is a salt of carbonic acid, which is a 
very feeble acid, and is capable of being turned out of its com- 
pounds by almost any other acid. Carbonic acid, then, is first 
formed, and the greater part of this is at once decomposed into 
carbonic anhydride and water, the gas coming off in bubbles. 
(See also page 28.) 



CHAPTEE XYI. 

SULPHATES — SULPHIDES — NITRATES — CHLORIDES. 

Some of the most important acids will now be enumerated 
together with their principal salts. 

Sulphuric Acid is a dense, colourless, oily-looking liquid, 
most strongly corrosive, and with a powerful attraction for 
moisture. When mixed with water, great heat is produced, 
indicative of the fact that it combines chemically with the 
water, and is not a mere solution. So strong is its attraction 
for water, that it will attract the water-gas from the air, and is 
therefore used by the chemist to -dry air or gas when it is 
required free from moisture. Of course it can only be used 
when the gas has no action on the acid. For instance, it may be 
used to dry hydrogen (see page 7, where the drying-tube 
referred to contains fragments of pumice stone moistened with 
sulphuric acid), but it is not available for drying ammonia, as 
ammonia will be absorbed by the acid, and form a salt named 
sulphate of ammonium. Wood was said on page 20 to consist 
of carbon, and of oxygen and hydrogen in the proportion to form 
water. If a splinter of wood be dipped in strong sulphuric acid 
it will be charred, the acid separating the water from the wood, 
and leaving the charcoal, which is unacted on by this body. 
Sulphuric acid is made in large quantities for various ohemical 
purposes, both in England and on the Continent, thousands of 
tons being manufactured every year. Sulphuric acid consists 
of hydrogen, sulphur, and oxygen, and is thus formed : 

When sulphur is burned in air, a pungent gas is produced, of 
considerable bleaching power, known as sulphurous anhydride. 
When this anhydride dissolves in water it forms sulphurous 
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acid, a body which contains less oxygen than sulphuric acid.. 
If, however, this gas be brought in contact with moisture in the 
presence of one of the higher oxides of nitrogen, it becomes 
oxidised at the expense of the oxide of nitrogen, and then 
forms sulphuric acid. 

To effect this action on a large scale, sulphurous anhydride is 
formed by burning sulphur or iron pyrites (sulphide of iron), 
and is conducted, together with one of the oxides of nitrogen, 
into an immense leaden chamber, into which jets of steam are 
also issuing. There the acid is formed. 

Sulphate of sodium, or Glauber's salt, is manufactured in 
large quantities in the preliminary operations necessary for the 
production of soda (carbonate of soda). 

Sulphate of copper is a beautiful blue crystalline body, 
formed by boiling copper in sulphuric acid, and is used in 
dyeing, especially in calico printing, and for agricultural pur- 
poses. 

An experiment can be made with sulphate of copper to show 
that in the different sulphates the different metals are united to 
the sulphur and oxygen with different degrees of force. If some 
of this salt be dissolved in water, and the blade of a knife b'e 
held in the solution for a few minutes, on taking it out the 
blade will be found to be covered with a red coat, which is 
metallic copper. This has been separated from the acid, and 
its place taken by iron from the knife, the sulphate of iron 
resulting from this change becoming dissolved in the water. 

This process has been used on an extensive scale for the 
extraction of copper, hundreds of tons of iron being dissolved in 
pits containing a solution of sulphate of copper, sulphate of 
iron and metallic copper being formed in the process. 

Sulphate of calcium is the most abundant of all the sulphates, 
and being found in large quantities near Paris, where it was 
first used as a plaster, has received the name of plaster of Paris ; 
it is sometimes also called gypsum. 

The forms in which this substance is found in nature are 
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often exceedingly beautiful. Alabaster, which is out into vases 
and ornaments, is one of them ; another is satin spar, so named 
from the delicate white fibres in which it is arranged. 

Sulphate of calcium in the form of gypsum is combined with 
water, about a fifth of the weight of gypsum being due to water. 
The water can be driven off by heat, but will again combine 
with the salt and form a solid mass. This is turned to account 
in making plaster casts. The powdered sulphate, from which 
the water has been expelled, is dropped into a basin of water 
until some of it remains dry at the top and no longer sinks to 
the bottom, and is then stirred and kneaded with the fingers for 
a few minutes. Soon the mixture becomes pasty, and is then 
run into moulds, the interior of which have been washed with 
soap-suds to prevent the cast from sticking, and in a very short 
time the whole will become a solid mass, which, in the course 
of a few hours, will be quite dry and free from moisture. In 
this process the water does not pass off to any great extent into 
the air by evaporation, as it does when a wet cloth is dried, but 

becomes part of the solid material itself. 

« 

Sulphate of calcium is the cause of permanent hardness in 
water ; m this will be again referred to in the chapter on soap. 

Alum is a sulphate ; but in this salt the hydrogen of the acid 
is replaced partly by potassium and partly by aluminum, and 
alum is consequently termed a double salt. 

Sulphate of magnesium is the medicine known as Epsom 
salts. 

Three of the sulphates are called in common language 
vitriols ; sulphate of copper is blue vitriol, sulphate of iron is 
green vitriol, and sulphate of zinc is white vitriol, from the 
colours which these bodies have respectively. 

Hydrosulphuric acid is a compound of hydrogen and sulphur ; 
it is a gas with the smell of rotten eggs, which burns' in air, 
forming water and sulphurous anhydride. It is obtained by 
acting upon iron pyrites (sulphide of iron) with sulphuric acid, 
and is usually kept in solution, as water dissolves it freely. 
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There are two Btilpliidea of tin, one of which, the bisulphide, 
is the body called mosaic gold. It is used to imitate bronze, 
and is valued for this purpose, because scarcely any acid will 
act upon it. 

Sulphide of arsenic is a yellow substance used as a pigment 

Sulphide of silver is chiefly interesting because it is the 
tarnish formed upon silver in rooms where gas is burnt, hydro- 
sulphuric acid being often present as an impurity in coal gas. 
A silver spoon cannot be used for eating eggs, because the eggs 
contain more or less hydrosulphuric acid (the cause of the smell 
of rotten eggs), which acts upon the silver. Egg spoons are 
usually, therefore, gilt, gold being unacted on by this acid. 

Nitbio Aon> is formed by heating nitrate of sodium or potas- 
sium with sulphuric acid, when sulphate of the metal remains 
in the flask, and nitric acid distils over as a nearly colourless 
limpid liquid. For this purpose an arrangement similar to that 
represented in Fig. 50 may be used. 

Nitric acid is an extremely corrosive acid, staining the skin 
and animal textures yellow, and dissolving most metals, with 
the exception of gold, platinum, and one or two very rare sub- 
stances. . 

The most important of the salts of nitric acid is the nitrate 
of potassium, or, as it is generally called, nitre, or sometimes 
saltpetre. This salt is found native in considerable quantities, 
especially in India ; but a large amount is prepared artificially 
from animal refuse, by a process called nitrification. The 
principal use of nitre is in the manufacture of gunpowder, of 
which it is a most important constituent. Gunpowder is a 
mixture of nitre, sulphur, and carbon, in various proportions 
according to the purpose for which it is intended, and its 
properties depend upon the fact that it contains in itself the 
materials necessary for its combustion, and that it produces 
very rapidly a quantity of gas more than a thousand times as 
bulky as itself, which consists for the most part of nitrogen, and 
of carbonic anhydride or carbonic oxide, according to the pro- 
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portions in which the different constituents of the powder are 
mixed. The nitrogen and oxygen are derived from the nitre. 
When a spark is applied to the powder, the heat is sufficient to 
ignite the grain upon which it falls, and this grain in burning 
produces heat enough at once to kindle the grains in contact 
with it, and thus the chemical action is almost instantaneously 
communicated through the whole mass. 

Nitre is also largely used in agriculture as a manure, sup- 
plying the growing plants with nitrogen, and some of the 
constituents of the soil with oxygen. 

Nitrate of silver is a white crystalline salt, used in photo- 
graphy, and in making indelible ink, on account of the action 
which light has upon it. The stains of this salt can be removed 
from the fingers or from linen by a solution of cyanide of 
potassium or hyposulphite of sodium. The lunar caustic used 
by surgeons is nitrate of silver, heated until it melts, and then 
run into moulds, so as to be used in the form of sticks. 

Hydrochloric acid (see page 51) is obtained from common 
salt by acting upon it with sulphuric acid, the result of the 
reaction being sulphate of sodium and hydrochloric acid. It is 
usually kept as a solution in water, which solution will dissolve 
most metals, with the exception of gold and one or two others. 
Gold, however, may be dissolved by this acid if a few drops of 
nitric acid be added to the liquid, and the mixture is termed 
aqua regia, or " royal water," from the circumstance that gold 
is considered the king of metals, and can be dissolved only by 
this mixture. 

Chloride of sodium, the most important salt of this acid, has 
been described on page 53. 

There are two chlorides of mercury, one of which, calomel, 
is not dissolved by water ; the other, corrosive sublimate, is 
easily dissolved, and it contains twice as much chlorine as 
calomel. Calomel is much used as a medicine, while corrosive 
sublimate, probably because it is so easily soluble, acts as a 
very irritant and powerful poison. 

G 
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The chlorides generally are much used in medicine, and owe 
their efficacy chiefly to the power that they have of decomposing 
hydrosulphnric acid and sulphide of ammonium, which are 
often the products of an unhealthy body. The chlorine takes 
the hydrogen from these substances, and by thus breaking them 
up renders them harmless. 

The chloride of lead is one of the most valuable deodorising 
substances known, and owes its power to the same circumstance, 
namely, the decomposition of bodies containing hydrogen. It 
is, however, dissolved only to a small extent by water ; but a 
sufficiently strong solution may be prepared by dissolving some 
nitrate of lead (a soluble salt) in water, and then throwing into 
the solution some chloride of sodium. Chloride of lead is thus 
formed, and is held to a certain extent in solution, the excess 
giving the fluid a milky appearance. The water will become 
only slightly milky if enough water is used, but this milkiness 
will soon settle, and the solution will then be ready for use. 



CHAPTEE XVII. 

CYANIDES — ACETATES — CARBONATES. 

Pbussio or hydrocyanic acid, the body referred to in the eighth 
column of the table on page 23, is a colourless, transparent, 
and very volatile liquid. It is intensely poisonous, and con- 
sequently dangerous to deal with ; experiments upon it ought 
always to be conducted before an open window, and it should be 
used in very small quantities. It burns with a purple-tinted 
flame, resembling that of cyanogen (page 38), forming water, 
carbonic anhydride, and nitrogen. A gallon of this gas in 
burning produces a gallon of carbonic anhydride, half a gallon 
of nitrogen, and half a gallon of water-gas ; consequently, the 
constitution of water and carbonic anhydride being already 
known (pages 24 and 30), it may be inferred that a gallon of 
prussic acid contains half a gallon of hydrogen and half a 
gallon of nitrogen, together with as much carbon as there is in 
a gallon of carbonic anhydride. 

Prussic acid is obtainable from peach kernels and bitter 
almonds, and from laurel leaves, peach blossoms, and many 
other plants. Its odour resembles that of cyanogen. 

The iron salts of this acid are remarkable for their brilliant 
colours, prussian blue being among the number ; but their com- 
position is not so simple as the salts of other acids hitherto 
mentioned, and is too complex and difficult to be entered into in 
this treatise. 

Acetic acid is the acid contained in vinegar, and consists 
of carbon and of hydrogen and oxygen in the proportion to 
form water. Strong oil of vitriol or sulphuric acid turns is 
black, taking away the hydrogen and oxygen in consequence 
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of its powerful affinity for water, and leaving the black carbon 

Acetic acid is prepared from alcohol by adding to it oxygen, 
or, in. other words, oxidising it. On the continent wine is 
generally used in making vinegar (hence the French word mn- 
aigre), but in England malt is used. For this purpose the wine 
is exposed to a gentle heat in large casks, having a small bole 
at the top to admit air. A ferment is added to promote the 
change more rapidly. The amount of acetic acid in vinegar is 
very small, a hundred gallons of vinegar containing from two 
to five gallons of acetic acid, the remainder being chiefly water. 
Acetate of lead is the salt known as sugar of lead, so named on 
account of its sweet taste. A pretty experiment can be made 
with this salt, in the formation of what 
is called the lead tree. Dissolve half 
an ounce of the salt in a phial of six 
ounces of water, adding a little good 
vinegar if the solution is not quite 
clear. Fasten in the cork a strip or 
rod of zinc, as seen in Fig. 37. The 
zinc will soon appear to have little 
spangles on it, and these, gradually 
branching out in all directions, form 
a sort of tree, which is made of the 
metal lead. The zinc replaces the lead in this experiment, 1 
forming acetate of zinc, which is dissolved in the water. 

Verdigris is the acetate of copper, a green-coloured salt used 
in painting, and excessively poisonous. In order to prevent the 
formation of this compound, cooking vessels made of copper are 
lined with tin, otherwise the food, especially if it contained 
vinegar, would be poisoned. 

' This tree can be made to have different shapes by a little contrivance. 
Fasten a small lamp of lino to the under side of the cork by a string through 
Hie cork. Then fasten to the zinc fine brass or copper wire, which can be 
branched out in various directions. Crystals of lead will collect on these 
branches, and give n more Derfeet tree-shape than the slip of zinc. 
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Carbonic acid, as was stated on page 28, has never been 
obtained in a state of purity, but its salts are many of them very 
important. 

Carbonate of calcium appears in various forms, as chalk, 
marble, limestone (a valuable material for building), Iceland 
spar, etc., and is the principal constituent of shells and of coral. 

Carbonate of calcium does not dissolve very readily in pure 
water, but it is held in solution by water which is charged with 
carbonic anhydride. Spring water, which always has more 
or less carbonic anhydride in it, in the neighbourhood of lime- 
stone hills, dissolves a good deal of this substance, which crusts 
over stones and sticks. Caves in these regions sometimes 
present beautiful formations of limestone, from water in which 
it has been dissolved. As water drips from the roof it eva- 
porates, and leaves behind some carbonate of calcium, which 
projects downwards, and gradually becomes a long pointed stick 
very much like an icicle, called a stalactite ; at the same time, 
the water which drips on to the floor beneath evaporates, and 
thus a little hillock is formed of the limestone immediately 
below the stalactite, and is called a stalagmite. These forma- 
tions, when they have been going on for some length of time, 
attain a considerable size, and the cave presents a most splendid 
appearance when lighted up, looking like a scene of enchant- 
ment. 

Carbonate of calcium often becomes a serious inconvenience 
in water which is used for boilers; the carbonic anhydride 
is expelled from the water by heat, and the carbonate, then 
no longer soluble, forms an incrustation on the sides of the 
boiler. This may, however, be entirely remedied in water 
which is not intended for drinking purposes, by adding chlo- 
ride of ammonium to the water, in which case carbonate of 
ammonium is formed and is driven off by the heat, while the 
chloride of calcium is dissolved in the water. Another plan, 
invented by Dr. Clark, consists in adding to the water in a tank) 
before it is introduced into the boiler, some hydrate of calcium, 
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or milk of lime. This cordbines with the carbonic anhydride 
of the water, forming carbonate of calcium, and the whole is 
there deposited. 

The temporary hardness of water is due to carbonate of 
calcium; it is called temporary hardness, because, unlike the 
hardness due to sulphate of calcium, it can be removed by 
boiling. 

Carbonate of lead is insoluble in water, a fact which is im- 
portant from the following consideration. Drinking water is 
commonly conveyed through lead pipes, and if it be quite pure, 
or at least containing nothing but air in solution, it dissolves 
the lead as oxide of lead, and becomes poisonous. If, however, 
as is generally the case, the water contains carbonate of calcium 
and carbonic anhydride, carbonate of lead is formed, and this, 
forming a crust on the pipe, protects it from further action. 
Thus, where the water is very pure lead pipes must not be used 
to convey it. 

Carbonate of potassium is obtained from wood-ashes, and is' 
the substance known in commerce as potash. It is used in 
making soap and glass. 

Carbonate of sodium is prepared from common salt, and is 
known in commerce as soda. It is also used in making soap 
and glass. 

The salts known as the bicarbonates of sodium and potassium 
have only half the hydrogen of the acid replaced by the metal. 

Sal volatile, or smelling salts, is a carbonate of ammonium. 
Its name, sal volatile, is a Latin one, meaning flying salt, because 
part of this substance passes away spontaneously into the air, 
giving it the smell which it possesses. 

As was stated in the chapter on acids, these carbonates effer- 
vesce with acids, giving off a gas which may be found to be 
carbonic anhydride. 

Shells are made chiefly of carbonate of calcium, which is 
taken in by the animal as food, and deposited, after being 
removed from the blood, as an excretion. It may be seen that, 
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in the case of an oyster-shell for instance, the shell is formed 
from the inside, and is not deposited by the water from the out- 
side ; for, of the layers of shell, which are easily recognisable, 
the outside one is the smallest, having been formed when the 
creature was young and small, and the inside one, formed by the 
large and full-sized fish, is the largest. 

It sometimes happens that a hen lays an egg without any 
shell upon it. This is because she has not taken sufficient 
carbonate of calcium in her food ; and care should be always 
taken, in keeping poultry, that they may have oyster-shells or 
chalk or some other form of this substance to peck at. 

Coral is carbonate of calcium, deposited by very small animals 
as their skeleton. The animal grows, and makes continual 
additions to the top of its skeleton, while at the same time the 
lower part of its body is dying ; thus a column of coral is built, 
the animal being always at the top. Millions of these little 
creatures, working together, have formed, in some parts of the 
world, extensive reefs of coral, but they do not raise their work 
above the level of the sea ; as soon as they reach the surface 
they die. These reefs, however, in many instances become 
islands, by the continual washing up of materials from the sea, 
and from broken pieces of coral collecting in the middle of the 
reef. These islands are fertilised by seeds washed up by the 
sea, or brought there by birds, and so become fit for the habita- 
tion of man. Florida, in North America, has been formed in 
this way, and is still gradually growing by the labours of the 
coral animals. 



CHAPTER XVIII. 

SILICON — GLASS — EARTHENWARE. 

Silicon is a body which is chiefly interesting on account of 
the compounds which it forms with oxygen and with fluorine, 
an element resembling chlorine, iodine, and bromine in many of 
its chemical properties. 

Oxide of silicon or silica appears in nature in a variety of 
forms, of which quartz, agate, flint, and sand may be taken as 
examples. 

Although silica is not ordinarily soluble in water, never- 
theless it is considered to be an anhydride, because there are 
salts known as silicates whose composition is found to cor- 
respond to an acid which would be formed if silica combined 
with water. This view is strengthened by the fact that it is 
possible to obtain a solution of silica in water, which has a 
feebly acid reaction on litmus paper. The way to do this is 
rather complicated, but instructive. Some carbonate of sodium 
is fused in a crucible over a furnace, and finely powdered silica 
is gradually dropped into it. Effervescence takes place, carbonic 
anhydride is given off, and a silicate of sodium is formed. If 
enough silica is added to decompose all the carbonate, when 
the product is dissolved in water, a solution of silicate of sodium 
is obtained. This must be largely diluted with water, and 
some of it added to a strong solution of hydrochloric acid. The 
result will be that the silicate will be broken up, and there will 
be in solution hydrochloric acid (which is in excess of that 
required .to effect the decomposition of the silicate), chloride of 
sodium, and silica. 

The silica may be now separated from the acid and salt by a 
process called osmosis. 



Fig. 38. 
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The solution in placed in a tray of parchment fastened to a 
hoop, and floated on water for several days. At the end of that 
time the acid and salt will be found to have passed through 
the parchment into the water outside, and the silica will be left. 
The cause of this is not very well understood, but it bolongs to 
a class of phenomena investigated by Graham, and called by 
him osmosis, from a Greek word meaning 
"impulse," in which it is observed that 
some substances have a much stronger ten- 
dency to pass through a porous partition 
than others. This may be well illustrated 
by the following experiment represented in 
Fig. 38 : b is a jar whose bottom consists of a 
porous membrane, and which is in communi- 
cation at the top with a straight glass tube, 
ua. Thejarisfilledwithspiritsof wine, and 
is suspended in a jar n n containing water. 

Gradually the water will enter the jar 
and cause the spirits to rise in the tube 
until it is quite full, overcoming the weight 
of the fluid, and the hydrostatic pressure 
which tends to keep the level in the jar the 
same as that in the outside vessel. 

Silica is a very important constituent of 
certain plants. It exists in the stalks of 
grass ; the ashes of the straw of cereals 
are more than half silica, but the ashes of 
the grain contain very much less, amount- 
ing, as a rule, to only one or two parts in a 
hundred. 

The silicate of sodium is, as we have just seen, soluble in 
water ; the same is true of the silicate of potassium ; and when 
these substances are obtained from their solution they do not, 
like other salts we have met with before, appear in a crystalline 
form, but are perfectly structureless like solid jelly ; these are 
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termed soluble glass, and are used as a varnish or vehicle for 
the colour in certain kinds of pictures. The frescoes by Maclise, 
in the House of Commons, are treated with a varnish of this 
kind, though the result in this case is not so satisfactory as was 
anticipated, owing perhaps to some defect in either the material 
or the mode of its use. Silicate of calcium is not dissolved by 
water, and is crystalline ; but if it is fused or melted with 
silicate of sodium or potassium, a substance is formed which is 
insoluble in water and acids, and at the same time is not crys- 
talline ; this is called glass. 

Window glass is a mixture of the silicates of sodium and 
calcium, and is called crown glass or plate glass, according 
to the way in which it is prepared. The silicates of potassium 
and calcium form a glass which is difficult to melt, known as 
Bohemian glass, and is much prized for making certain kinds of 
chemical apparatus, to which it is desirable to apply consider- 
able heat. 

The silicate of potassium mixed with oxide of lead forms flint 
glass, a glass very easily melted, of which articles in common 
use, such as wineglasses and tumblers, are usually made. 
Coloured glasses are made by adding to the silicate certain 
metallic oxides ; the colour of green bottle-glass, for instance, 
being due to oxide of iron. Enamel is glass mixed with oxide 
of tin, which makes it opaque and white, other oxides being 
added with the tin when it is desired to have a coloured enamel. 

Clay is the silicate of aluminium, a substance which, as it is 
found in nature, forms a paste with water, and can be readily 
moulded into different shapes, but becomes hard and brittle 
under the action of heat. This property makes it available for 
pottery and brick making, for which purpose it has been 
employed among all nations from the most remote antiquity. 

Bricks and flower-pots are made from a common sort of 
clay, which contains among its impurities iron, the cause of 
the red colour of the burnt brick. In the case of earthen- 
ware vessels which are intended to hold water, it is not 
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sufficient merely to bake the cloy, as it would then be left in a 
porous condition. In order to render it impervious to water it is 
glazed, either by dipping it in water containing a quantity of ma- 
terials for forming glass, and afterwards heating it in a furnace, 
or by throwing into the furnace some common salt. This latter 
method is generally used for stoneware, which is a coarse kind 
of porcelain, and the way in which it operates is this. Common 
salt {chloride of sodium), although it is not decomposed ordi- 
narily by heat, yet if it is heated in the presence ,of silica and of 
some substance that will both oxidise the sodium and at the same 
time combine with the chlorine (such as water, or oxide of iron, 
which will oxidise the sodium and form with the chlorine hydro- 
chloric acid and chloride of iron respectively), becomes decom- 
posed. The oxide of sodium unites with the silica in the ware, 
making silicate of sodium, which with silicate of aluminium 
forms a glass impervious to water, while^ the hydrochloric acid 
or chloride of iron is driven off by the heat. The oxide of 
iron here mentioned is often present in the clay as an impurity. 

Fine porcelain, or china, is formed from a pure and white 
clay known as kaolin, which is found chiefly in China, although 
it is met with also in Cornwall and on the continent of Europe. 
In making porcelain the clay is intimately mixed with silicate 
of calcium and potassium, so that the glaze is not merely on tho 
surface, but is uniformly blended throughout the substance of 
the ware with the material forming the vessel. A superficial 
glaze is added to give the surface a smooth appearance. 

Meerschaum, of which pipes are made, is a silicate of mag- 
nesium. 



CHAPTER XIX. 

METALS AND THEIR OXIDES. 

The metals, about fifty in number, are those elementary bodies 
which by replacing hydrogen in an acid form salts, and they are 
distinguished as a class from other elements by certain physical 
properties, one of which is, however, possessed to a certain 
degree by a few of the opposite class. 

In the first place, they are possessed of a peculiar shining 
appearance, which is called the metallic lustre, though iodine, 
and carbon in the form of blacklead, share this property with 
them. They are also opaque to light ; that is, they do not allow 
light to pass freely through them, as glass does. This property 
also is common to many non-metallic bodies. Some of them 
possess in a remarkable degree the property of malleability, or 
of being hammered into very thin leaves, the word malleability 
being derived from the Latin word malleus, a hammer. The 
most remarkable instance of this is gold, which can be ham- 
mered out so excessively thin that considerably more than a 
quarter of a million of leaves must be laid one upon the 
other in order to measure an inch in thickness. Gold, silver, 
platinum, iron, and copper possess also ductility, that is, they 
can be drawn out into very fine wires. Some of the more 
important metals will now be considered, and the methods of 
obtaining them described whenever the process is instructive 
or interesting. 

Ibon is one of the most abundant of the metals, though it is 
seldom obtained chemically pure. The numerous and varied 
uses to which this metal is put render it one of the most valuable 
productions of the world, and one of the most interesting to the 
student of science. The ore from which most of our English 
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iron is obtained is called clay ironstone, and is a carbonate of 
iron mixed with clay, lime, and many other impurities. From 
it we obtain three distinct classes of iron, whose properties 
depend mainly on the amount of carbon which is present in 
them. 

Wrought iron is nearly pure iron, a hundred pounds of English 
wrought iron containing about half a pound of carbon. Steel 
contains rather more carbon, and cast iron still more ; but the 
proportion varies very much in the two latter varieties, in cast 
iron varying from two and a half to five pounds in a hundred. 

The properties of these three varieties of iron differ very 
materially. Cast iron is brittle, while wrought iron is tough, 
and will bend. Steel is brittle or flexible, according as it is 
cooled quickly or slowly after being heated. If red-hot steel 
be plunged into water, and in that manner quickly oooled, it 
becomes brittle, elastic, and extremely hard, almost as much 
so as the diamond ; in order to render it more flexible, it is 
then heated again, and allowed to cool slowly, becoming more 
flexible the higher the temperature to which it is raised. In 
this second heating the surface appears of a different colour, 
according to the temperature attained, and by observing the 
colour the workman is able to judge of the amount of heat 
required for the purpose he has in view. Steel for razors is 
heated least, for knives more so, and for sword-blades and 
watch springs most of all; in the last case the steel often 
becomes so flexible that it can be bent double without breaking, 
and yet it is so elastic that it recovers its original shape exactly 
when the pressure is removed. This process is called tempering 
the steel. Wrought iron differs from cast iron in being malleable, 
ductile, and capable of being welded, that is, two pieces can be 
hammered together when hot so as to form one piece. When 
iron is heated it combines with the oxygen in the air, and a 
superficial layer of oxide of iron is formed on the pieces of hot 
metal, which would interfere with the joining of the two pieces 
of metal. To obviate this some sand is sprinkled over the 
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metal, which forms a fusible glass called slag, by combining 
with the oxide of iron, and this, when the two pieces are 
welded together, is squeezed out from between them by the 
pressure. 

There are several varieties of cast iron, of which the principal 
are gray, mottled, and white. In the gray and mottled cast iron, 
the carbon is not chemically combined with the iron, bat is 
simply mixed equally throughout the mass, and in the mottled 
iron may be easily seen in small lumps or grains of graphite. 
In white cast iron, on the contrary, the carbon is chemically 
combined with the metal, and this form is more brittle and 
fusible than the others. 

Gray iron is soft enough to be turned on a lathe, and when it 
is broken the iron appears arranged in little grains ; its structure 
is therefore said to be granular. It is chiefly used for foundry 
purposes. If after being melted it is quickly cooled, it is con- 
verted into the white variety, and this fact is made use of in 
casting shot for cannon. The iron is run into iron moulds, 
instead of sand or earth, and consequently the surface is rapidly 
cooled, or chilled, as it is termed, and becomes extremely hard, 
so that it will penetrate very thick plates of iron without losing 
its shape. 

Besides carbon there is always in iron more or less silicon, 
sulphur, and phosphorus; but as these substances exercise a 
bad effect upon the metal, they are removed as far as possible in 
the process of extraction of the iron. 

As steel and wrought iron are usually prepared from cast 
iron, it will be convenient to consider, first, the way in which 
cast iron is obtained from the ore. 

This operation is technically called smelting, and is conducted 
somewhat as follows. The ore, which consists of carbonate of 
iron, with clay, lime, sulphur, phosphorus, magnesia, and other 
impurities, is first roasted; that is to say, a great heap is 
made of alternate layers of ore and coal, which is lighted and 
allowed to burn thoroughly. By this means the carbonate of 
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iron is decomposed, sod carbonic anhydride is expelled, together 
with water, sod the greater part of the sulphur and phosphorus. 
The next stage of the process consists in removing the oxygen 
of the oxide of iron remaining from the decomposition of the 
carbonate, and of the other impurities. To effect this the roasted 
ore is heated in the presence of a reducing agent (page 71), and 
a quantity of material called a. jinx is brought in contact with it, 
which will form a slag with the magnesia, silicon, lime, and other 




impurities. This is effected in gigantic furnaces, one of which 
is represented in Fig. 39. The waggons at the top bring the 
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materials, which consist of roasted ore, coal, and limestone, and 
these are thrown into the furnace in successive layers. The 
furnace itself is lined with good fire-bricks, and is often kept 
lighted for years without going out. Air is driven into the 
furnace through immense blowpipes, one of which is seen at F, 
near the bottom. The melted iron collects at the bottom, 6, 
where it is tapped off from time to time, while the impurities, 
forming a slag which is lighter than the iron, float on the 
surface, and run out of an aperture in the side of the furnace 
made for the purpose. The chemical changes in the furnace, 
beginning from the bottom, are these : 

At F the oxygen of the air blown in combines with the 
carbon of the fuel and forms carbonic anhydride, producing a 
very high temperature. The hot gas rises up through the 
furnaces and heats the contents above. Between E and D 
the carbonic anhydride comes in contact with more fuel, and, 
both being of a high temperature, becomes converted into car- 
bonic oxide (see page 27). Now carbonic oxide is a body which 
will burn if oxygen is supplied to it, and become reconverted 
into carbonic anhydride. This supply is afforded by the oxide 
of iron in the ore. At D, then, the ore gives up its oxygen, and 
the reduced metal sinks down to the bottom of the furnace, 
passing, as it does so, through the fuel which is burning, and 
taking up a small quantity of carbon. The heat produced by 
this action melts the impurities into slag, which also sinks 
down to the bottom. It has been found, that by blowing in 
hot instead of cold air ordinary coal can be used instead of 
coke, and that the quantity of fuel required to effect the reduc- 
tion of the metal is much lessened, and a great saving effected 
thereby. But as coal contains sulphur and other impurities, 
which are not carried off in the process, the quality of the iron 
obtained is not so good as when coke or charcoal is used. A 
good deal of the carbonic oxide is not converted by the oxide of 
iron, and passes up to the top of the furnace with the carbonic 
anhydride formed in the process, and the nitrogen of the air 
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which is driven in bj the blowpipes, and is not changed. At 
the top the carbonic oxide is often burnt as shown in the 
drawing, and consequently wasted; but sometimes it is led 
away and ntfljaed by being made to heat the air which is to be 
driven into the furnace. The iron which is run off at the 
bottom is cast in bare, which are termed pigs. 

Cast iron is converted into wrought iron by depriving it of 
its carbon, silicon, and other impurities, by oxidising them and 
removing them as slags. 

The two principal processes are called refining and puddling- 
In the former process, the pig iron is heated in oontaot with 
burning charcoal, air being urged upon the fire by a blowpipe, 
as in smelting. In the second, the iron is subjected to the 
action of flame and gases resulting from the oombuation of 
carbon, without actually being in contact with tho fuel, 

Mr. Bessemer has proposed to substitute for these processes 
one in which cold air is blown into the melted iron, and thus 
the oxidation of the impurities directly effeotod. But it is 
found to be in practice a much more wasteful method, as a 
large portion of the iron also is oxidised, and therefore lost ; 
neither does the process remove phosphorus and sulphur, and 
therefore it can only be applied to oast iron froo from those 
impurities. 

Steel, which contains a quantity of carbon intermediate between 
cast and wrought iron, is best made from wrought iron by 
adding the proper amount of carbon to it, Mr. Bessemer in- 
troduces the proper amount of carbon by adding to the wrought 
iron made by his process a certain quantity of pure oast iron • 
but generally steel is made by a process called cementation, 
which consists in heating wrought irdn bars in oontaot with fine 
charcoal for several days. 

A new process for obtaining steel and wrought iron from pigs 
consists in heating them in contact with nitrate of sodium. This 
process, called Heaton's process, effects the oxidation of the im- 
purities quickly and effectually, and is much more economical 

H 



98 CHEMISTRY. 

of iron than the old methods ; but it has not obtained the favour 
with iron-masters that chemists anticipated. 

The two principal oxides of iron are the red and the black 
oxide.* The first is known as rouge, the second as loadstone, and 
both 'are valuable ores of iron. The red oxide combined with 
water is the rust which forms on the surface of iron in a damp 
atmosphere. 

Nickel is a metal usually found with iron, and is one of the 
constituents of German silver, which is an alloy of nickel, 
oopptr, and zinc. An alloy means a combination of two or more 
metals, which, however, differs from an ordinary chemical com- 
pound in consisting of any proportion of its constituents. It 
appears to be intermediate between a mixture and a true 
chemical compound. 



CHAPTER XX 

METALS AND THEIR OXIDES— amtinutd. 

C&LaiDH-Lnci is 'the oxide of calcium, obtained by heating 
limestone or carbonate of calcium in kilns, into which lime- 
stone and fuel are thrown alternately. Pure lime, or quicklime, 
is a hard, white substance, which can be raised to a considerable 
temperature without change ; indeed, it has never been fusod. 
A jet of hydrogen burning in pure oxygen, or a jet of hydrogen 
and oxygen mixed in the proper proportions to form water, pro- 
duces intense heat, and if it is directed upon a piece of quick- 
lime it raises the lime to a brilliant white heat, causing a 
light of dazzling brightness, which is used for signals at sea, 
and for illuminating the stages of theatres. Fig, 40 shows how 
Fig. <0. 




thia can be arranged. The bottle contains materials for making 
hydrogen, and the gas which issues from the tube at the top is 
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lighted. A stream of oxygen is then directed across the flame 
from the bag on the right side of the figure, and a piece of lime, 
not shown in the drawing, is held in the flame. Generally, 
however, the gases are nude to issue both from the same jet, 
a special apparatus being used for the purpose, to prevent the 
mixed gases burning or exploding before they reach the month 
of the jet. This light is called the oxyhydrogen or lime-light, 
or sometimes the Drummond light, from its discoverer, Lieut. 
Drummond, R.N. 

Quicklime has a great affinity for water, combining with it 
and forming a white powder called hydrate of lime, or tlalced 
lime, which is, however, reconverted into quicklime by heat. 
This circumstance renders it useful to the chemist for the 
purpose of drying gases ; but it must not be used for carbonic 
anhydride or acid gases, as it absorbs them and forms a salt of 
calcium. Mortar is slaked lime mixed with sand to give it 
hardness and consistency. When first made, mortar is soft and 
pasty,, but gradually, as the union of the lime with water becomes: 
complete, it becomes hard and firm. The part of the mortar 
exposed to the air absorbs carbonic anhydride and becomes still 
harder, while it protects the inner portions from further change. 
Potassium and Sodium are metals which resemble one another 
very closely. They are soft like cheese, and, when freshly cut, 
_. , of the appearance of steel. They have 

such a strong affinity for oxygen that 
they will decompose cold water, com- 
bining with the oxygen: and setting 
free the hydrogen. The heat deve- 
loped in this reaction in the case of 
potassium is sufficient to ignite the 
hydrogen, if the air is not excluded 
from it, the flame being tinged with 
a beautiful violet colour, due to some 
ic motfll which is volatilised, or converted into gas and 
i at the same time. Fig. 41 illustrates this experiment. 
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The hydrogen set free by sodium will also burn if the metal 
be placed on blotting-paper, to prevent it running about on the 
top of the water and so cooling itself, the flame in this case 
being coloured yellow. 

The oxides of these metals have also an affinity for water, 
combining with it and forming solid hydrates, which in their 
turn absorb water and carbonic anhydride, and form salts when 
brought into contact with acids (page 73). These hydrates 
act powerfully on the skin, and for this reason are termed 
caustic potash and soda. They also, act upon glass at a high 
temperature, dissolving out the silica, so that none but common 
glass vessels should be used to heat them in. 

Sodium and potassium are both obtained from their carbonates 
by heating them in retorts with charcoal, sodium being made in 
considerable quantities, as it is used for the extraction of the 
metals aluminium and magnesium. The ease with which these 
metals are oxidised renders it somewhat difficult to keep them, 
as they cannot even be kept, like phosphorus, under water. 
They are usually preserved in native mineral naphtha, a liquid 
hydrocarbon containing no oxygen. 

Aluminium is the most abundant of all the metals, though it 
never forms part of living beings, whether animal or vegetable. 
It exists in alum, clay, granite, and many natural rocks, and is 
one of the constituents of the emerald, garnet, ruby, sapphire, 
and other precious stones. It has very much the appearance of 
silver, is hard and tough, but is remarkably light, silver being 
about four times as heavy as aluminium ; it can also be readily 
melted and moulded. On this account aluminium is much valued 
for making telescope-tubes and supports for optical instruments, 
and for ornamental work, such as cups and vases, for which 
purpose it is even better in some respects than silver ; for it is 
with difficulty oxidised, and hydrosulphuric acid N has no action 
whatever upon it at ordinary temperatures, so that it does not 
easily tarnish. 

Aluminium is prepared by heating its chloride with sod""" 
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hardness and consistency . When first made, mortar is soft and 
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complete, it becomes hard and firm. The part of the mortar 
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be placed on blotting-paper, to prevent it running about on the 
top of the water and so cooling itself, the flame in thia case 
being coloured yellow. 

The oxides of these metals have also an affinity for water, 
combining with it and forming solid hydrates, which in their 
turn absorb water and carbonic anhydride, and form salts when 
brought into contact with acids (page 73). These hydrates 
act powerfully on the skin, and for this reason are termed 
caustic potash and soda. They also, act upon glass at a high 
temperature, dissolving out the silica, so that none but common 
glass vessels should be used to heat them in. 

Sodium and potassium are both obtained from their carbonates 
by heating them in retorts with charcoal, sodium being made in 
considerable quantities, as it is used for the extraction of the 
metals aluminium and magnesium. The ease with which these 
metals are oxidised renders it somewhat difficult to keep them, 
as they cannot even be kept, like phosphorus, under water. 
Tiey are usually preserved in native mineral naphtha, a liquid 
hydrocarbon containing no oxygen. 

Aluminium is the most abundant of all the metals, though it 
never forms part of living beings, whether animal or vegetable. 
It exists in alum, clay, granite, and many natural rocks, and is 
one of the constituents of the emerald, garnet, ruby, sapphire, 
and other precious stones. It has very much the appearance of 
silver, is hard and tough, but is remarkably light, silver being 
about four times as heavy as aluminium ; it can also be readily 
melted and moulded. On this account aluminium is much valued 
for making telescope-tubes and supports for optical instruments, 
and for ornamental work, such as cups and vases, for which 
purpose it is even better in some respects than silver ; for it is 
with difficulty oxidised, and hydrosulphuric acid has no action 
whatever upon it at ordinary temperatures, so that it does not 
easily tarnish. 

Aluminium is prepared by heating its chloride with sodium. 
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The hydrogen set free by sodium will also burn if the metal 
be placed on blotting-paper, to prevent it running about on the 
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being coloured yellow. 
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combining with it and forming solid hydrates, which in their 
turn absorb water and carbonic anhydride, and form salts when 
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act powerfully on the skin, and for this reason are termed 
caustic potash and soda. They also, act upon glass at a high 
temperature, dissolving out the silica, so that none but common 
glass vessels should be used to heat them in. 

Sodium and potassium are both obtained from their carbonates 
by heating them in retorts with charcoal, sodium being made in 
considerable quantities, as it is used for the extraction of the 
metals aluminium and magnesium. The ease with which these 
metals are oxidised renders it somewhat difficult to keep them, 
as they cannot even be kept, like phosphorus, under water. 
They are usually preserved in native mineral naphtha, a liquid 
hydrocarbon containing no oxygen. 

Aluminium is the most abundant of all the metals, though it 
never forms part of living beings, whether animal or vegetable. 
It exists in alum, clay, granite, and many natural rocks, and is 
one of the constituents of the emerald, garnet, ruby, sapphire, 
and other precious stones. It has very much the appearance of 
silver, is hard and tough, but is remarkably light, silver being 
about four times as heavy as aluminium ; it can also be readily 
melted and moulded. On this account aluminium is much valued 
for making telescope-tubes and supports for optical instruments, 
and for ornamental work, such as cups and vases, for which 
purpose it is even better in some respects than silver ; for it is 
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whatever upon it at ordinary temperatures, so that it does not 
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being coloured yellow. 
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combining with it and forming solid hydrates, which in their 
turn absorb water and carbonic anhydride, and form salts when 
brought into contact with acids (page 73). These hydrates 
act powerfully on the skin, and for this reason are termed 
caustic potash and soda. They also, act upon glass at a high 
temperature, dissolving out the silica, so that none but common 
glass vessels should be used to heat them in. 

Sodium and potassium are both obtained from their carbonates 
by heating them in retorts with charcoal, sodium being made in 
considerable quantities, as it is used for the extraction of the 
metals aluminium and magnesium. The ease with which these 
metals are oxidised renders it somewhat difficult to keep them, 
as they cannot even be kept, like phosphorus, under water. 
They are usually preserved in native mineral naphtha, a liquid 
hydrocarbon containing no oxygen. 
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one of the constituents of the emerald, garnet, ruby, sapphiro, 
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easily tarnish. 

AlimnTiiiiin is prepared by heating its chloride with sodium, 



108 CHEMI8TBT. 

the chloride being first made to combine with the chloride of 
sodium so as to form a double salt. The chloride pi aluminium 
is obtained by treating the oxide with hydrochloric acid. 

The oxide of aluminium, or alumina, is found native, as the 
sapphire and ruby, and also may be obtained by adding ammonia 
to a solution of alum. Emery powder is impure alumina. 

Magnesium is a metal resembling aluminium in appearance, 
and is even proportionately lighter ; but as it tends to combine 
with oxygen, and will become oxidised in moist air,' it cannot be 
applied to the same purposes as aluminium. Nevertheless, its 
affinity for oxygen renders it useful in another way. If raised 
to a red heat in the air, magnesium will burn, giving out as it 
does so a light of dazzling brightness, which is found to be of 
the particular quality desirable for photography, and is therefore 
much used for photographing interiors of houses and places 
where daylight is not available. Magnesium is found in large 
quantities in the form of carbonate, combined with carbonate of 
calcium in magnesian limestone; it is also found in sea-water 
(page 56), in plants, and in animals. To extract the metal, the 
carbonate is treated with hydrochloric acid, and the resulting 
chloride is treated in an exactly similar manner to the chloride 
of aluminium in the preceding page. The metal, after it is 
extracted, is softened by heat, and drawn out into a wire or 
riband. 

Manganese is interesting only through its compounds, one of 
which, the black oxide, has been already mentioned. If this is 
strongly heated it gives off oxygen gas, and is converted into 
another oxide which contains less oxygen. Besides being a 
source of oxygen, this oxide is used for giving a violet colour to 
glass. Manganese also appears like a non-metallic element in 
certain salts, which are called manganates and permanganates, 
the manganese in them answering to the sulphur in sulphates, or 
the chlorine in chlorates. Condy's fluid, used for disinfecting, 
contains permanganate of potassium or calcium, and depends for 
its efficacy upon the ease with which it parts with oxygen. 
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Lxad is a soft metal, with little tenacity (that is to say, « 
wire of lead is easily broken), and is obtained from galena., the 
native sulphide of lead, by heating it in a furnace in contact 
with air. The sulphur is eventually burnt, and passes off as 
sulphurous anhydride, leaving behind metallic lead. 

There are three oxides of lead, containing different amounts 
of oxygen. One, of a yellow*;olour, is called litharge ; another, 
of a red colour, is used in painting and glass-making ; the third 
is of a dark brown. 

The uses of lead are various and extensive. It is used for 
roofing, and for water-pipes. Type-metal is an alloy of lead and 
antimony; shot and bullets are made of lead mixed with 
arsenic ; solder is an alloy of lead and tin ; and pewter is an 
alloy of the same kind, but of different proportions. 

Tin is a bright white metal, very soft and malleable, which 
does not oxidise easily in the air. Tinstone, the ore of tin, is 
an oxide, from which the metal is obtained by heating it with 
carbon, so as to remove the oxygen. Tinware is iron coated 
thinly with tin by dipping it into molten tin. Common pins 
made of brass are whitened by boiling them in a solution of tin- 
in tartrate of potassium (cream of tartar), alum, and common 
salt, which leaves a thin coating of tin upon them. 

Coppbb is the only metal of a red colour. It is malleable, 
ductile, and tenacious, and does not readily oxidise. It is a 
good conductor of heat, and is therefore used for cooking-vessels, 
which, however, are always lined with tin, for reasons mentioned 
on page 84. It is obtained from several ores, chiefly from the 
sulphide or the oxide. The copper sulphide is always associated 
with sulphide of iron and arsenic, and it is first heated in con- 
tact with air until the arsenic is driven off and the iron converted 
to oxide of iron, which is removed as a slag. The copper 
sulphide is then more strongly heated, until the sulphur is 
driven off as sulphurous anhydride, and the metal left behind. 

Brass is an alloy of zinc with copper ; Bronze an alloy of 
copper and tin. 
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There are two oxides of copper, of which the black oxide is 
used in chemistry for the analysis of organic bodies containing 
hydrogen, which it removes by giving up its oxygen to combine 
with it and form water. 

.Zino is a bluish-white metal, which does not oxidise easily in 
the air, and is therefore used for roofing, the lining of sinks, 
refrigerators, etc. It is brittle at ordinary temperatures, but it 
has been lately found to be malleable at about 130° Fahrenheit, 
which has rendered it available for the purposes mentioned ; 
above this temperature, however, it again becomes brittle, and 
cannot be worked. 

The ores of zino are the sulphide (blende), the carbonate 
(calamine), and the oxide. Blende and calamine are heated in 
contact with air, so as to convert them into the oxide, which is 
then heated with carbon to expel the oxygen, and the zino then 
passes over as vapour and is condensed. 

Arsenic is a lustrous, brittle metal, distinguished by the 
excessively poisonous character of its compounds, which renders 
any examination of them dangerous, unless unusual care bo 
taken by the manipulator. 

Some of the compounds are very brilliant in colour, and are 
used often in green papers, and in wreaths for ladies' hair, in 
consequence of which illness and even death have resulted 
from the absorption of some of the poison into the system. 

The powder sold as white arsenic is an oxide of the metal, and 
being sometimes mistaken for sugar or salt, it has thus caused 
many untimely deaths. 

The importance of being able to detect small quantities of 
this substance with ease and certainty will be obvious to every 
one ; and fortunately the properties of arsenic and of one of its 
compounds are sufficiently remarkable to enable this to be 
done. 

If any substance is thought to contain arsenic, a little of it 
should be placed in a test tube with some water and a few drops 
of hydrochloric acid, and boiled. If a clean piece of copper 
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riband be held in tLe liquid for a few moments, a dark-gray 
deposit will be formed upon it, if arsenic be present. A piece 
of the coated copper should then be dropped into a tube like 
that represented in Fig. 42, and heated, when metallic arsenic 
will pass off in vapour from the oopper, and be deposited in a 
lustrous ring in the cool part of the tube, as at c. 

Another good and instructive method is to pour a little of 
the solution in hydrochloric acid, into a bottle in which 

Fig. 42. Fig. 43. 




hydrogen is being made. The hydrogen should be lighted as it 
comes out of the bottle, for the compound of arsenic which is 
formed is exceedingly poisonous to breathe, but is decomposed 
by heat. A piece of cold porcelain held in the flame, as shown 
in Fig. 43, will, if there be arsenic present, have a deposit of 
the metal upon it, which will be lustrous, easily driven off by 
heat, or dissolved by a solution of bleaching powder. The 
metal arsenic, when heated, passes off as vapour without melt- 
ing, a process called sublimation. 

Antimony is a metal very closely resembling arsenic in its 
properties, and may be detected by a similar test, the difference 
between the two being that in the case of antimony the deposit 
is not so lustrous, nor so easily volatilised or turned into 
vapour. Neither is it dissolved by bleaching powder; but it is, 
on the other hand,, dissolved by a solution of sulphide of 
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ammonium, which has no effect upon arsenic, forming a liquid 
which leaves a yellow residue when evaporated. 

If arsenic and antimony are present together, when the copper 
is heated (Fig. 42), two rings will be formed in the tube, one 
above the other. Antimony, not being so volatile as arsenic, 
will be deposited first, and form a ring in a part of the tube 
which is not quite cold. 

Mercury is a white metal, having a brilliant metallic lustre, 
and is the only one which is commonly liquid. It becomes 
solid in the extreme cold of the Arctic regions, and therefore in 
the expeditions of Dr. Eane and others to those regions ther- 
mometers containing mercury could not be used. They were 
obliged to have thermometers containing alcohol, which does 
not become solid even in very great cold. 

Mercury is sometimes found pure. It is said that the mines 
in Mexico were first discovered thus: A hunter as he was 
ascending a mountain caught hold of a shrub to assist him ; the 
shrub gave way at the root, and there ran from the ground a 

stream of mercury. It was 
supposed to be liquid silver, 
and therefore received the 
name of quicksilver. 

This metal is commonly 
obtained from the sulphide 
of mercury called cinnabar, 
which varies in colour from 
bright red to brown-red. 
Cinnabar when bright red 
is called vermilion, and is 
used to give 'a red colour to 
sealing-wax. 

Mercury can be boiled, and passes into vapour. If this be 
done in a test-tube, the vapour will condense in the cool part of 
the tube in a ring, which is bright like a looking-glass (Fig. 44). 
Looking-glasses are silvered with an alloy of mercury and tin. 
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Although mercury can be boiled and distilled without change, 
if it is exposed to a moderate heat in contact with air for several 
days it becomes converted into a red powder, which is an oxide 
of mercury. The red oxide, if heated more strongly, gives off 
oxygen again. This experiment is interesting, as it was in this 
way that the chemist Priestley obtained oxygen, in the year 1774, 
the first gas ever discovered in chemistry. Fig. 45 shows how the 

Fig. 45. 




experiment may be performod. The red powder is heated in a, 
and is decomposed into mercury and oxygen gas. The mercury 
vapour is condensed in the neck of the retort to a liquid, which 
runs down and collects in 6, while the oxygen gas passes along 
the tube c, and is collected in the receiver placed in the pneu- 
matic trough. 

Silvvb occurs in nature sometimes pure, sometimes in alloys 
or mixtures with other metals, as lead, copper, etc., and some- 
times united with sulphur or some other substance. The most 
famous mines are in Saxony, Mexico, and South America. This 
metal is very malleable and ductile. It is not so hard as copper, 
nor so soft as gold. 

Gold is not found in nature united with other things, as many 
metals are ; but either pure, or mixed with some other metals as 
an alloy. It is found in rocks, or sands that have been washed 
down by rivers. 
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. PLATnom is commonly spoken of as the heaviest of all known 
substances ; but there is another metal, iridium, found in com- 
pany with platinum, which is a little heavier. Platinum has a 
oolour like steel. It is very ductile and malleable. No common 
fire can melt this metal ; it can be melted, however, by the heat 
pf the oxy hydrogen blowpipe. 

: Mercury, silver, gold, and platinum have been called the 
noble metals, because when pure and not formed into alloys 
they are not tarnished by the oxygen of the air. 



CHAPTEB XXI. 

SOLUTION — CRYSTALLISATION — ALLOYS — 

AMALGAMS. 

The force which causes different substances to dissolve in water 
or spirit differs in some important respects from the force which 
causes bodies chemically to unite with one another. In a simple, 
solution both bodies retain their distinctive characters. For 
instance, a solution of sugar in water retains the sweetness of 
sugar and the liquidity of water, a solution of camphor in spirit 
retains the smell and tastes both of camphor and spirit, and the 
same is true of a solution of indiarubber in chloroform. This 
is quite different from the case of a metal dissolved in an acid, 
where the resulting salt differs altogether from the metal or the 
acid. Simple solution is caused not by chemical affinity, but by 
a force which is called by men of science adhesion. 

In consequence of variation in the force of adhesion between 
substances, there is a great difference in bodies with regard to 
their facilities for solution. It has already been seen how dif- 
ferently the various gases behave in this respect; for instance, 
while nitrogen and oxygen are dissolved very sparingly in water, 
ammonia and hydrochloric acid are very soluble indeed. The 
presence of oxygen in water is however needful to the life of the 
fish inhabiting the rivers and ocean. They are able to extract the 
oxygen which is dissolved in the water (not that which is chemi- 
cally combined with the hydrogen), and so obtain that supply of 
oxygen which is needful to the support of all animal life. Salts 
and other solids differ also among themselves almost as much 
as gases. Calomel, for example, which is a chloride of mercury,' 
is perfectly insoluble; that is, not a particle of it can be dis^ 
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solved in clean water. Bnt corrosive sublimate, which is also 
a chloride of mercury, is very soluble. Magnesia, an oxide of 
the metal magnesium, is insoluble ; but the oxide of the metal 
potassium is exceedingly soluble, having such an attraction for 
water that if left uncovered it becomes dissolved in moisture 
gathered from the air, and is said in consequence to be deli- 
quescent. This latter oxide can be dissolved in half of its weight 
of water, while lime, which is the oxide of calcium, requires a 
thousand pounds of water to. dissolve one pound of it. . 

This difference between bodies in regard to solubility is 
often of great use to man for very various purposes. For in- 
stance, lime is used in plastering walls, for which it would be 
of no use if it absorbed water from the air like the oxide of 
potassium. Carbonate of calcium, which appears in the forms 
of chalk, limestone, marble, etc., is only very sparingly soluble 
in water, and can therefore be used for buildings exposed to 
the air and rain, while carbonate of sodium is very soluble, and 
is used for cleansing purposes, causing dirt to be dissolved in 
water which would be insoluble without the presence of soda. 

The feeble solubility of carbonate of calcium makes it a 
good material for the shells of fish. It would be very incon- 
venient for them to have their shell houses made of a substance 
which water could dissolve easily ; at the same time, if carbonate 
of calcium were not soluble, it could not be taken into the 
blood of the animal and so formed into shell. 

When water has dissolved as much of a substance as it can, 
the solution is said to be saturated. This word comes from a 
Latin word which signifies to satisfy. Water is more easily satis- 
fied or saturated with some substances than with others. Oxide of 
potassium and lime are in strong contrast in this respect ; half 
a pound of water will not be satisfied till it has dissolved a 
pound of oxide of potassium, while a thousand pounds of water 
will be satisfied or saturated with a pound of lime ; that is, it 
takes two thousand times as much oxide of potassium to saturate 
water as it does lime. 
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It may be well to remember in passing that when oxide of 
potassium or calcium comes in contact with water it combines 
with it in the first instance, forming hydrate of potassium or 
calcium, and it is the hydrate which afterwards dissolves in the 
water. 

Some solids can be mixed very thoroughly with water by 
reducing them to powder, and yet do not dissolve. Calcined 
magnesia is the oxide of magnesium obtained by driving off 
carbonic anhydride from the carbonate by heat, and this will 
mix readily with water, but it is not dissolved. A substance 
that* dissolves disappears and. nothing can be seen of it, except 
its colour, if it happen to be a coloured substance. The solution 
is clear and transparent, but a mixture is cloudy and opaque. 

As a general rule more of a substance dissolves in hot water 
than in cold, though lime and some of the salts of calcium are 
exceptions to this. Boiling water will dissolve only about half 
as much lime as water which is near its freezing point. Glau- 
ber's salt too has the remarkable peculiarity of being moat 
soluble at a temperature about a third of the way between the 
freezing and boiling points of water, its solubility decreasing 
upon either side of this temperature. 

When water evaporates from a saturated solution of a salt, 
or when a hot saturated solution is allowed to cool, some of the 
salt becomes deposited as solid crystals on the bottom and sides 
of the vessel. Hot water dissolves twice as much alum as cold 
water, and when the water becomes cold half of the alum will 
become solid again. If a wire be suspended in the hot solution, 
as it cools the crystals will collect upon the wire. Baskets are 
sometimes made in this way of alum or other crystals ; a basket 
of thin wire is suspended in a hot solution and crystals are 
formed round the wire. 

Common salt dissolves as freely in cold as in hot water, and 
in consequence crystallisation is only produced by evaporation; 
that is, the water passes away as vapour into the air, and the 
salt being left reappears in its crystalline state. 
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The explanation of the phenomenon of crystallisation is 
not at present known, that is to say, the reason why the particles 
are arranged so as to make such very smooth surfaces and such 
straight edges. They are particles so small that they cannot 
be seen even with a powerful microscope, and yet, in making a 
crystal, each one takes its right place. Sometimes this arrange- 
ment of particles is quickly done. The most familiar. example 
of this is in water, for sometimes on taking up a pitcher of water 
on a very cold morning, part of the water turns all at once into 
crystals, which shoot across in every direction, and can be seen if 
the water which remains fluid be poured out. The explanation 
of the phenomenon is easy: the water in the- pitcher during the 
night became freezing cold, but it was perfectly still, and so the 
particles of the water remained still ; but shaking the pitcher 
caused their arrangement in a solid crystalline form. 
• There is the same quick formation of crystals on a large 
scale in every snowstorm. Clouds are reservoirs of water from 
which snow is made, the water being in the form of fog; and 
particles of this fog are in a snowstorm continually arranging 
themselves in crystals, and so fall to the earth. 

There are great varieties in crystalline arrangement. Mica 
is arranged in layers which can be peeled off exceedingly thin, 
and is used for windows in stove doors, the pieces employed for 
this purpose being made up of a number of these thin layers. 
Crystals of common salt are exactly square blocks, while 
crystals of Iceland spar are not square like those of salt, but 
sloping. These are but three of the very many varieties that 
occur in the shapes of crystals. Sometimes the same substance 
appears in different forms, as is the case with gypsum, and with 
water itself, the various forms and arrangements of whose 
crystals in snow and frost are very beautiful. 

Some salts require to be united with a certain proportion of 
water before they will crystallise, although this is not the case 
with all. This union is not chemical union, but is something 
of the nature of adhesion, a force similar in kind to that between 
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a salt and the water in which it is dissolved. Carbonate of 
calcium crystallises without water, bnt in crystals of carbonate 
of sodium there is more water than carbonate of sodium, a 
hundred pounds of the crystallised salt containing sixty-three 
pounds of water. Tet the crystals are dry, the water forming 
part of the solid substance. By heating the crystals the water 
is driven off from them, the salt first melting in its own water, 
and the salt is then no longer crystalline, but appears as a powder. 
The water which is necessary for the crystalline form of a salt 
is called by chemists the water of crystallisation. 

Nitrate of potassium, or Saltpetre, has no water in it If it 
had, it might not answer for making gunpowder. Nitrate of 
sodium has no water in it, and would do for making gunpowder 
as well as nitrate of potassium, were it not for one thing — 
it imbibes moisture from the air. This would not answer for 
gunpowder, for that must be kept dry. A salt which thus 
imbibes moisture is said to deliquesce — a word derived from 
a Latin word meaning to melt. A salt, on the other hand, 
which on exposure loses its water of crystallisation, and changes 
from a crystal into a powder, is said to effloresce. Crystals that 
do this have a mealy powder gradually forming on their surface. 
The word effloresce comes from the Latin word meaning to 
flower. It is as if the mineral flowered. 

Many metals show crystals. In the formation of the lead- 
tree described on page 84, lead becomes crystalline, the tree 
being made of crystal joined to crystal. If a bar of tin is bent 
it gives a peculiar sound, which has been called the cry of tin 
and is supposed to be produced by the rubbing upon each other 
of the little crystals of which the metal is composed. The 
crystals of tin can be seen beautifully developed by a very 
simple process. Take a piece of ordinary tin, which is a sheet 
of iron covered with tin, and heat it over a lamp till the coating 
of tin melts ; let it cool quickly, and wash the surfaoe with a 
little aqua regia, the acid mixture mentioned on page 81. 

Alloys are mixtures of metals which are united together by 

x 
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a force of the same nature as a solid and liquid in a solution, 
and not by chemical attraction ; consequently the constituents 
of an alloy are not united in any definite proportions, but may 
bear any ratio whatever to one another ; the properties, too, of 
an alloy bear always some relation to those of the metals which 
form it, and are generally intermediate to them. For instance, 
type metal formed of lead and copper unites the softness of lead 
with the hardness of copper, and is a substance intermediate in 
hardness between those two metals. 

Many of the alloys have been already mentioned, but there 
are others which are commonly used, and must not be passed by 
unnoticed. 

Pinchbeck, of which watch cases are sometimes made, is an 
alloy of copper and zinc, containing more zinc proportionately 
than brass, which makes it look like gold. 

Tombao is another alloy of copper and zinc, which can be 
hammered into very thin leaves, making a spurious or false gold 
leaf. When finely powdered it is called gold bronze. 

There is an alloy which is sometimes made a source of 
amusement. Teaspoons manufactured from it melt if introduced 
into hot tea. This alloy is composed of bismuth, lead, and tin ; 
the proportions being, of bismuth 8, lead 5, and tin 3. 

The gold and silver in common use are alloys* This is true 
both of money and of the articles made from these metals. 

In the silver coin of England we have an alloy with copper, 
the object of the copper being to make the coin hard, so that it 
will not readily wear out. In 100 parts of our silver coinage 
there are 92£ parts of pure silver and 1\ parts of copper. 
Silver used for other purposes ought to have just this proportion 
of copper, in order to preserve a beautiful white lustre ; for if 
there be more copper, the article made of the alloy will be 
tarnished, in consequence of the copper becoming oxidised when 
exposed to the air. 

Gold is softer than silver, and to harden it sufficiently the 
gold coin of this country is alloyed with copper in the propor- 
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tion of 11 ports of gold and 1 part of copper. Goldsmiths ex- 
press the proportion of pure gold in its alloy by dividing it 
into 24 imaginary parts, which they call carats. If therefore it 
is said of any specimen that it is 16 carats fine, it is meant that 
16 parts out of 24 are pore gold. So if it be said that a speci- 
men is 18 carats fine, it is meant that of 24 parts 18 are pore 
gold. 

The gold of our coinage is consequently 22 carats, and is 
called therefore standard gold. 

Amalgams are mixtures of mercury with other metals, with 
one of which you are familiar, namely the silvering on the back 
of glass in mirrors. This is an amalgam of mercury and tin. 
Tin foil, that is, tin leaf, is first applied all over the glass ; then 
mercury in which a small quantity of tinfoil has been mixed is 
poured upon this, and uniting with the tin makes an amalgam. 

Use is sometimes made of the affinity which mercury has for 
gold, in separating gold from substances with which it happens 
to be mingled. The material consisting in part of gold is 
powdered and then shaken with mercury, when the gold unites 
with the mercury forming an amalgam. Even when the mate- 
rial contains little gold, that little may be thus extracted. The 
gold that is in the dust of jewellers' shops is often recovered 
in this way. 

In order to recover the gold from its solution in mercury, the 
solution is poured upon a closely-woven cloth, which allows 
most of the mercury to run through, the gold with a little mer- 
cury remaining in the cloth. Then by the application of heat 
this mercury is driven off in vapour and gold is left. 

This is called obtaining gold by the process of amalgamation, 
a word you will often hear applied to other subjects. When 
people agree or unite readily in their views and plans they are 
said to amalgamate, as gold and mercury readily unite. Here 
is an extended use made of a word which was first only applied 
to one thing — a very good example of a way in which language 
is built up and enlarged. 

i 2 



CHAPTEB XXTT. 

FAT — OIL — SOAP — CANDLES. 

Fats and oils are bodies containing carbon, hydrogen, and oxygen, 
and are found in both animals and vegetables. The only dif- 
ference between a fat and an oil is that a fat is solid and an oil 
is liquid at the ordinary temperatures of the air. Of the oils 
obtained from animals, those derived from man and the warm- 
blooded animals are generally solid, while those which come 
from fish and cold-blooded animals are usually liquid. The 
use of fat in the body appears to be chiefly to keep up its tem- 
perature, both by supplying combustible matter to the various 
parts of the frame (fat containing large quantities of carbon), and 
also, being a non-conductor of heat, by furnishing a coat as it 
were which shall prevent the heat generated in the body from 
escaping. 

Of fats and oils derived from vegetables the following are the 
best known— olive oil, almond oil, colza oil, linseed oil, palm 
oil, cocoa-nut oil, and castor oil ; of animal fats, sperm oil, cod- 
liver oil, neats' foot oil, lard, which is the fat of the pig, suet, 
which is the fat of the sheep or ox, spermaceti, bees'-wax, and 
butter. 

Oils are not simple compounds, if the expression may be 
allowed, but are mixtures of at least four other compound bodies, 
three solids and a liquid ; namely, stearin, palmitin, margarin, 
and olein. 

Stearin, a name derived from the Greek word for suet, may 
be obtained from mutton fat by heating it with ether, which 
dissolves out the other components of the fat, and leaves the 
stearin in crystalline scales. 

Palmitin is so called because it is found in considerable quan- 
tity in palm oil. 
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Margarin is the solid part of human fat and of olive oil, and 
is so called from its appearance, its name being derived from 
the Greek word for a pearl. 

Olein is the liquid constituent of fats and oils. 

Oils will not mix with, and are not dissolved at all by water ; 
but if a solution of caustic alkali be shaken up with an oil, it 
forms a milky liquid in which the oil is mixed with the water, 
and does not separate from it as it does from pure water. This* 
liquid if boiled for some time becomes clear, and when shaken 
up forms a lather. 

The oil under the action of the alkali will have undergone a 
remarkable change, of which the following is an explanation. 
Stearin, palmitin, margarin, and olein are compounds of a body 
called glycerin with stearic, palmitic, margaric, and oleic acids 
respectively ; and when the hydrated oxide of an alkali is boiled 
with them, they are decomposed, the glycerin is set free, and 
the add forms a salt of the alkali metal which is the substance 
known familiarly as soap. This process of decomposing the oil 
is called saponification, and is carried on on a large scale in the 
manufacture of soap. The stearate and similar salts of the 
alkali are soluble in water, but insoluble in a solution of com- 
mon salt. This met is made use of in separating the soap from 
the glycerin after saponification of the oil. Strong brine, or 
solution of salt, is added to the liquid, when the soap curdles 
together and rises to the top, and the liquid containing the 
glycerin is drawn off from below. 

There are many kinds of soap dependent on the nature of 
the oil and the metallic oxide used. Hard soaps are salts of 
sodium, soft soaps of potassium. Common soft soap contains an 
excess of alkali, which gives it a more powerful cleansing pro- 
perty than other soaps, and besides has usually not been freed 
from glycerin. Soap has a strong attraction for water, and 
even when hard may contain a third of its weight of water, a 
circumstance which is of advantage only to those who sell it. 
Common yellow soap is made of oil and soda mixed with resin. 
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Castile soap ought to consist of olive oil saponified with soda, 
and coloured bine and red with sulphate and oxide of iron. 
Curd soap is made of pure tallow and soda, and when scented it 
forms Windsor soap. Fancy soaps are common soaps coloured 
and perfumed with aromatic oils. Streaked or mottled soaps 
are coloured with metallic oxides, chiefly oxide of iron, and 
as these cannot be properly worked into the soap when it is 
very soft, such soaps cannot contain a very large amount of 
water. 

Calcium, barium, and strontium will also form stearates and 
other soap salts, and will turn out sodium and potassium from 
their soaps; but the soaps of these metals are insoluble in 
water, and therefore of no use whatever for the purpose of 
cleansing. What is termed the hardness of water is caused by 
the presence of a salt of calcium, which decomposes washing 
soap, and forms an insoluble soap itself; the calcium soap does 
not form a lather with water, but separates as a greasy scum, 
and not only is of no use itself for washing, but causes a waste 
of the alkali soap from which it is formed. 

Spring water is generally more or less hard, containing 
the carbonate or sulphate of calcium. Carbonate of calcium 
causes what is termed temporary hardness in water, by wasting 
soap. This salt is very little soluble in pure water, but can be 
dissolved in considerable quantities by water charged with car- 
bonic anhydride. It can be removed, however, by boiling the 
water, as the carbonic anhydride is thus driven off, and the car- 
bonate is then no longer soluble in* the water, but is deposited 
on the bottom and sides of the vessel in which it is heated. This 
deposit is sometimes a very great nuisance in the boilers of 
engines, as it prevents the conduction of heat from the fire to 
the water. Dr. Clarke has introduced a plan for removing 
the carbonate before the water enters the boiler at all. 
Hydrate of lime is added to the water in the tank from which 
the boiler is supplied. This deprives the water of its carbonic 
anhydride by forming with it carbonate of calcium, and there- 
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fore the carbonate which is in solution is deposited as well as 
that which is formed in the process. 

Sulphate of calcium, however, if present, cannot be removed 
either by boiling or by hydrate of lime, and causes a permanent 
hardness of the water. It too becomes deposited on boilers, 
being slightly less soluble at the boiling point than at ordinary 
temperatures ; but it is not removed altogether, and is thereforo 
a very troublesome cause of the waste of soap. 

The so-called stearin candles are in reality made by removing 
the glycerin from the decomposed fats or oils, and consequently 
are not stearin, but stearic acid and other acids of fat, commonly 
called fatty acids. The glycerin is extracted in several ways ; 
one is to form a calcium soap and remove the metal by sulphuric 
acid, a method employed chiefly on the Continent ; another is to 
bring the fat in contact with steam at a high temperature, when 
the acid and glycerin separate and distil over, which is the 
process employed principally in the manufacture of Price's 
candles ; a third method is to decompose the fat by sulphuric 
acid. The acids which are separated are purified and moulded 
into the required shapes. 



CHAPTER XXIIL 

WOOD — CELLULOSE — GUM — STARCH — 8UGAB. 

Wood, as was remarked in the chapter upon carbon, consists of 
carbon, hydrogen, and oxygen, the two latter bodies being in the 
same proportion that they are in water. Bnt there is this 
difference between wood and all the other compound bodies 
mentioned hitherto; it is neither a dose uniform solid like 
silica in flint, nor a granular substance like dioxide of manganese, 
nor a crystalline body, like a salt ; but it is composed of a 
fibrous substance, arranged in a great variety of ways, which 
forms a very beautiful object when a thin slice of wood is 
examined with a microscope. The substance which forms the 
basis of wood is called cellulose, and is found nearly pure in 
cotton, linen, and in the pith of the elder and the rice-paper 
plant, the hard portion of wood consisting of this substance 
mixed with resins, silica, or other substances incrusted on the 
walls of the cells of which wood is composed. 

By far the greater part of trees and plants consists of cellu- 
lose ; with the exception of the sap and of the colouring materials, 
the whole — bark, stem, leaves, and flowers — are mainly cellulose. 
A hyacinth growing in water is little else than cellulose filled 
in all its cells with water, the water furnishing the hydrogen 
and oxygen necessary for the growth of the plant, and the 
carbon coming from the carbonic anhydride of the air. Again, 
the framework of fruits is made of cellulose. The juice of an 
orange, for instance, is inclosed in thousands of little bottles, 
which consist chiefly of this substance; the husks of seeds, 
shells of nuts, and the stalks of grass and grain are mainly 
composed of cellulose. 

Cellulose is one of the most important substances in the world 
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to man, a great part of his clothing, namely, all cotton and 
linen goods, being composed entirely of this body, and paper, 
one of the great aids to civilisation, consisting of cellulose 
only. 

Paper is usually made from rags, but is sometimes also made 
partly from esparto grass, and from the stalks of certain rushes 
which contain a very large proportion of cellulose. The rags 
are sorted, cleaned, and bleached by chlorine or by chloride of 
lime, and are then made into a pulp with water, which is caused 
to form a thin film over hot wire or flannel strainers. When 
the film is dry it forms blotting paper, and in order to render it 
fit to carry ink, it is coated with a mixture of alum and glue 
called size. Sometimes the size is mixed with the pulp, and then 
its composition is somewhat different. 

When cellulose is steeped in a mixture of nitric and sulphuric 
acids it becomes converted into a remarkable substance called 
by chemists pyroxylin, and by others guncotton. The cellulose 
becomes nearly doubled in weight, and not much changed in 
appearance, but it will be found to have become explosive, much 
more so even than gunpowder, and may be kept in water for 
any length of time without losing its explosive character when 
dried. The change effected in the cellulose appears to be the 
substitution of nitric peroxide (page 26) for some of its hydrogen ; 
and the products of the explosion are water-gas, carbonic anhy- 
dride, carbonic oxide, nitrogen, marsh gas, and nitric oxide ; 
pyroxylin containing in itself, like gunpowder, all the necessary 
elements for its combustion. When guncotton is dissolved in a 
mixture of alcohol and ether, and the solution is allowed to dry 
by evaporation, the pyroxylin is left in a glutinous state and is 
then called collodion, a name derived from the Greek word for 
glue, a film of which is used by photographers for coating the 
glass plates upon which their pictures are intended to be taken. 

If cellulose is heated with strong sulphuric acid it becomes 
converted into dextrin, a species of gum, and finally into sugar. 

Starch is a body composed of identically the same elements 
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in the suae proportion as cellulose, but differs from that body- 
in many ways. It exists in little grains or granules, which, 
when examined with a microscope, seem to have a little cover- 
ing or envelope. Starch is not dissolved by cold water, but 
if it is boiled the grannies absorb water, swell very much, 
and at last the envelopes burst and disappear, leaving the 
starch in the thick pasty condition in which it is used for 
stiffening linen. This is the reason why rice, beans, barley, &c, 
swell so much when they are cooked in water or milk. 

Starch is very common in vegetables, and forms a large part 
of the food of man. Three-fifths of the flour of which breacj is 
made consists of starch ; most of the solid portion of rice and of 
the potato is starch, and it is found nearly pure in arrowroot, 
sago, and tapioca. 

It may readily be obtained from wheat-flour by mixing the 
flour into dough and washing on a linen cloth with water, 
kneading it all the time. A milky fluid will run through the 
cloth containing starch in suspension, and if this is allowed to 
stand, the starch will settle at the bottom. 

If dry starch is heated it becomes converted into dextrin, and 
if boiled with dilute sulphuric acid it becomes first dextrin and 
then sugar. 

Dextrin, the substance known as British gum, is soluble in 
water, and is used by calico printers for mixing their colours, 
and by surgeons for making their bandages stiff and hard. 

Sugar is another substance found in plants, especially the 
sugar-cane and sugar-beet, and also in the milk of animals. It 
too contains carbon, and hydrogen and oxygen in the propor- 
tions to form water, but the ratio of the carbon to the elements 
of water is not the same in sugar as in starch and dextrin. 
There are several varieties of sugar, of which the most important 
are cane-sugar, milk-sugar, and grape-sugar. Cane-sugar is con- 
tained in the juice of the sugar-cane, beetroot, sugar-maple, 
mallow, and in small quantities in fruit and honey, where it is 
mixed with grape-sugar and starch. It is the sweetest kind of 
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sugar, and is, therefore, more highly prized than other sugars. 
To obtain the sugar from the canes, they are crushed between 
rollers, and the juice thus expressed is mixed with a little lime, 
which prevents fermentation, and concentrated, by boiling and 
evaporation, until the sugar crystallises, while the dark un- 
crystallisable syrup or molasses, consisting in great part of 
grape-sugar, is drained away. The raw crystals, commonly 
known as brown sugar, are refined by boiling with lime, and the 
syrup is filtered through animal charcoal to decolourise it, and 
is again crystallised. When allowed to crystallise undisturbed, 
sugar becomes a transparent solid, like glass, and if threads are 
suspended in the syrup, large and hard crystals form round them, 
constituting sugar-candy. To obtain loaf-sugar, in which the 
crystals are very small, the liquid is continually stirred while 
crystallising. 

Sugar differs from starch in being very soluble in water, a 
pound of water dissolving, when cold, about three pounds of 
sugar. When heated, it gently melts, and on cooling becomes 
a transparent mass known as barley-sugar. If heated more 
strongly it becomes converted into caramel, a brown, nearly 
tasteless substance, which, under the name of burnt sugar, is used 
for colouring gravies and confectionary. If still more strongly 
heated, caramel gives off combustible gases, which burn and 
leave behind a porous mass of carbon. 

Grape-sugar is found in large quantities in ripe fruits, and to a 
certain extent in the blood of animals. It is the sugar referred 
to on the last two pages as being formed when cellulose and starch 
are heated with sulphuric acid, and it may even be, obtained in 
large quantities from rags or from sawdust, by treating them 
with oil of vitriol, that is, very strong sulphuric acid, and after 
some hours diluting the liquid with water and boiling for a 
considerable time. After the formation of the sugar, the sul- 
phuric acid may be removed from the syrup by adding chalk 
to it, when sulphate of calcium is formed, which is insoluble 
and is therefore easily removed, and carbonic anhydride is 
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given off* If starch is used instead of cellulose, the acid must 
be dilate. 

The conversion of starch into sugar takes place in the seeds 
of plants while germinating, and in fruits whilst ripening, but 
at the same time dextrin is formed. This is due to the action of 
a peculiar body called diastase, about which very little is known, 
and the process is called fermentation. 

A similar process takes place in the human body, whereby 
the insoluble starch of food is converted by a ferment in the 
saliva and other secretions of the body into soluble sugar, 
so that it may the more easily be taken up into the blood. 

Though the chemist can convert cellulose into sugar, he 
cannot invert the process and reconvert sugar into cellulose. 
This is, however, performed by plants. Thus sugar-beet and 
turnip are sweetest when gathered early ; if allowed to grow too 
long the sugar is converted into cellulose or woody fibre, and 
they therefore become tough and tasteless. So, also, if grass be 
left to grow too long, the starch and sugar turn to cellulose, 
and the hay is not so sweet and nutritious as it would have 
been if gathered earlier. 

As was mentioned above, charcoal can be obtained from 
sugar by simply heating it ; but a prettier way to do it is this : 
sulphuric acid has a strong affinity for water, and will extract 
the hydrogen and oxygen from sugar, which are there in the pro- 
portion to form water. Put a table-spoonful of strong syrup, 
made with loaf-sugar, into a tumbler set in a plate, and pour 
upon it a little good sulphuric acid. Considerable heat is pro- 
duced, and the sugar blackens and froths out over the sides of 
the tumbler. When the tumbler is cool, turn the contents into 
the plate, and a good specimen is thus obtained of sugar-charcoal. 

The action of ferments appears to depend upon a species of 
fungus which is present in them, and which must be alive in 
order to produce the effect If the plant is killed by heating it 
excessively, the ferment loses its power of producing chemical 
change. 



CHAPTER XXIV. 

AXCOHOL — SPIBITS — WINE — BEER. 

When a liquid containing grape-sugar, such as the juice of 
grapes, ia brought in contact with the ferment known as yeart, 
it undergoes a change, whereby it losee some of its carbon and 
oxygen, which are given off as carbonic anhydride, and the re- 
maining constituents remain combined, forming a new compound, 
alcohol. Grape-juice, if exposed to the air at a temperature 
somewhat below that of a summer's day, develops the ferment 
spontaneously, and is turned to wine. Wine, again, if further 
exposed to the air, develops another ferment within itself, and 
becomes converted to acetic acid or vinegar (page 84). The 
wine formed by the fermentation of sugar may be distilled, that 
is to say, boiled until it passes away in vapour, which is collected 
and condensed in a receiver kept cool by water trickling over 
it, as represented in Fig. 46 ; wheu the portion of liquid which 
Fig. 46. 




first comes over will be, after filtering through MliraaJ charcoal, 
a tolerably pure solution of alcohol in water. By repeating 
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the distillation several times, the solution may be concentrated, 
as alcohol boils at a lower temperature than water, and conse- 
quently tends to come away in vapour before the water does. 
But as alcohol has a strong affinity for water, they cannot be 
entirely separated by this means. In order to obtain pure, or, 
as it is termed, absolute alcohol, the concentrated solution is 
mixed with quicklime, which has a still stronger affinity for 
water, and allowed to stand for several days. If this mixture 
be then distilled absolute alcohol is obtained. 

It is a colourless volatile liquid, burning in air without de- 
positing soot upon cold bodies, and with an acrid taste. It 
has never been frozen, and is therefore much valued for filling 
thermometers which are to be exposed to intense cold. It has, 
when diluted and taken in small quantities, a stimulating effect 
upon the nervous system, but does not afford nourishment to the 
body, nor does it, like oil and fat, serve, at least directly, to 
preserve animal heat ; when taken in large quantities and con- 
centrated it acts as a powerful poison. 

Proof spirit contains about half its weight of alcohol, the 
remainder being water. The name is derived from the old 
method of proving the strength of spirit by moistening gun- 
powder with it and setting it on fire. If the powder was ignited 
the spirit was said to be over proof, but if the powder was left 
damp after the spirit had burned off it was called under proof. 

Alcohol is the basis of all the wines and spirits in common 
use, the difference among them being due mainly to the 
various proportions of alcohol and to the flavour imparted 
by some essence which is either added or extracted in the 
process of manufacture. Brandy ought to be the spirit ob- 
tained from good wine by distillation, but too often it is only 
corn-spirit flavoured to imitate genuine cognac. Corn-spirit is 
obtained by distilling an infusion of fermented grain ; when 
distilled with juniper berries it forms gin ; when the fermented 
grain or malt has been dried, previously to being distilled, over 
a peat fire, whiskey is made. Bum is formed from fermented 
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molasses; arrack is a spirit made from rice. None of these 
spirits are absolute alcohol, but are somewhere near the strength 
of proof spirit, the amount of absolute alcohol varying according 
to circumstances. Spirits when first distilled contain a very 
disagreeable oil, which has to be removed by several distil- 
lations, and the spirit then is said to be rectified. 

In the manufacture of wine the grape-juice is allowed to re- 
main in vats, where it undergoes fermentation spontaneously. 
If a sweet wine be desired, the process is stopped before all the 
sugar has become converted, a dry wine being formed when the 
process has completely transformed all the sugar of the grape. 
Effervescing wines, such as champagne, are formed by bottling 
them before fermentation has quite ceased, and, if they are 
intended to be sweet, adding cane-sugar to them. The amount 
of alcohol in different wines varies very much. Fort wine con- 
taining about a quarter of its volume of absolute alcohol, while 
Tokay contains only about a tenth of its volume. The strength 
of the wines in ordinary use come in the following order ; Port, 
Madeira, Sherry, Qlaret, Burgundy, Champagne, Hock, Goose- 
berry. 

When grape-juice is fermenting an acid substance known as 
tartar is formed, which consists principally of the tartrate of 
potassium. This substance is soluble in water but insoluble in 
alcohol, and consequently becomes deposited. The crust of old 
port wine consists chiefly of this substance, which has become 
deposited on the bottle in consequence of the gradual increase of 
the quantity of alcohol in the wine by slow fermentation after 
it is bottled and laid by. Other juices, such as currant or goose- 
berry juice, form similar substances when they ferment. But 
these are not so insoluble in alcohol as grape-tartar, and conse- 
quently make the wine taste sour. To prevent this sour taste, 
or rather to hide it, sugar is added, which however renders 
the wine liable to ferment and injures its quality. 

Beer is an alcoholic liquor obtained from grain, containing 
a less amount of alcohol than wine. Grain, generally barley, is 
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drained and spread oat on 
grow. Daring the growth 
of the starch of the grain is in con- 
After a day or two the grain is 
the co n i oinion of the remainder 
of the starch, and H m flan celled matt. If the heat has not 
been very great As aaalt is pale in colour, and is need to make 
pale ale; if the heat has been ftn a mderahlr, some of the sugar is 
converted into caramel, and the malt is of a dark colour, and is 
need for r»tfr"»g porter and stoat. The malt is crushed and 
stirred up in a- tab with water, and allowed to settle. The 
liquor, which is called sweet wort, is then boiled with hops in 
order to get a- hitter favour and prevent it from turning sour, 
and afterwards rapidly cooled. Yeast is then added, and it is 
allowed to ferment. Before however the change is complete, the 
yeast is separated, and the beer drawn off into casks, where the 
process of fermentation is continued very slowly, and the beer 
becomes stronger and less sweet. 



CHAPTEE XXV. 

GLUTEN — ALBUMEN — CASEIN. 

When, in chapter xiii., starch was obtained by washing dough, 
a guminy substance was left on the cloth, which the water did 
not carry away. This substance is called gluten, and is com- 
posed of carbon, hydrogen, oxygen, and nitrogen. It is this 
body which gives firmness to bread, which, if gluten were not 
present, would be . crumbling and brittle. For this reason, 
when cakes are made from rice, a certain proportion of flour 
is added, rice itself consisting chiefly of starch. 

The water, too, which has run through the cloth with the 
starch, contains in solution another substance which it has 
obtained from the flour, and which may be made manifest by 
simply boiling the water after the starch which settles down has 
been removed. This substance is named albumen, and is iden- 
tical in its composition with the white of egg, consisting of 
carbon, hydrogen, oxygen, nitrogen, and sulphur. The amount 
of it in flour is very small in comparison with that of the starch 
and gluten. Albumen exists in two forms or states, one of which 
is soluble in water, and the other insoluble. In eggs and in 
flour it is naturally in the soluble form, but is converted 
readily into the insoluble form by heat, when it becomes white 
and opaque instead of transparent, and tough and leathery 
instead of fluid. This change, which is called coagulation, is 
effected in the albumen of eggs which are cooked, and also in 
the albumen of baked bread, from which it cannot therefore be 
extracted by water as it can be from flour. 

When moist, both gluten and albumen are liable to decompo- 
sition, the latter giving off as one of its products hydrosulphurio 
acid, as was mentioned on page 80. 
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The water from which the albumen has been abstracted by 
boiling contains a very small portion of grape-sugar and 
dextrin, which is not separated by the heat formed by the con- 
version of some of the starch in the grain from which the flour 
is obtained. This sugar is an important constituent of flour 
for making bread. 

Bread is made by mixing flour with lukewarm water and a 
little salt, kneading it into dough with yeast ; it is then set 
by for a time. The yeast causes the sugar to ferment, con- 
verting it into alcohol and carbonic anhydride, and the gas 
being given off in the interstices of the dough causes it to swell 
up and renders it porous. When the dough has risen suffi- 
ciently more flour is kneaded with it, and it is transferred to 
an oven, where the heat stops the fermentation by destroying 
the vitality of the yeast plant, and at the same time expands 
the gas and renders the mass still more porous and light. The 
alcohol which has been formed in the fermentation of the sugar 
is expelled by the heat of the oven, together with much of the 
water with which the dough was made. Some of the water 
is however retained, and swells the starch, which in the inte- 
rior of the loaf is otherwise unchanged by the baking. The 
exterior of the loaf or crust becomes dry and hard, and is 
converted into a substance somewhat resembling caramel, or 
burnt sugar, the same which is formed on the outside of bread 
that is toasted. 

Moist flour exposed to the air for some time generates in 
itself a ferment, and its starch becomes thus changed to sugar. 
This is leaven; and a small piece of such fermenting dough is 
capable of inducing similar fermentation quickly in larger 
quantities of dough, and was the material employed in ancient 
times for raising dough before yeast came into use. It is the 
substance referred to in Scripture, where it is said, " A little 
leaven leaveneth the whole lump." 

The colour of brown bread is generally attributed to the 
presence in it of bran, or the nusk of the corn. But this is not 
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altogether the case. It depends partly too upon the fact that in 
inferior corn more of the starch has become converted into 
sugar than in that employed for making white bread, and the 
beat again converts the sugar into a species of caramel. 

It is found that certain substances, for instance alum, tend to 
prevent this change in the sugar, and consequently they are 
often employed by bakers to keep the bread white, and make it 
appear as if it were made from the best flour, that is to say, 
from flour which contains only a little sugar. 

Alum is considered by many to render the bread unwhole- 
some, and it has been proposed to use lime-water, or hydrate of 
calcium instead, which has the same effect on diastase, and is 
not open to the same objection as alum. 

Gluten is made up of two substances, one called fibrin, and 
the other called gliadin, the latter being the body which confers 
the sticky properties on gluten. The gluten obtained from 
different kinds of grain consists of different proportions of these 
substances, and the reason why wheat is preferred for making 
bread is, that it contains less gliadin than barley and other sorts 
of grain, and therefore not being so adhesive, rises better and 
forms lighter bread. 

In order to do away with the difficulties experienced in keeping 
bread made in the ordinary way free from injurious substances, 
bread is now often made without fermentation at all. In one of 
these processes the water with which the dough is made is highly 
charged with carbonic anhydride under pressure, and the kneading 
is effected by machinery while the pressure is still continued on 
the gas in closed vessels. When the pressure is taken off, the gas 
escapes, and causes the dough to swell and become porous, just 
as it does when liberated by fermentation, and the dough is then 
ready for baking. Bread made in this way is called aerated 
bread, and though sometimes not preferred to ordinary bread, 
has the advantages of cleanliness (as kneading with the hands 
or feet is thus avoided), as well as of purity and wholesomeness. 

Milk is a mixture consisting chiefly of water, fat, and oil, 

k 2 
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sugar, and casein. The fat and oil of milk separate in a great 
measure if milk is allowed to stand, rising up to the top as 
cream, from which butter is made by churning or beating it so 
as to break np the little envelopes which enclose the fat when 
it is in the state of cream. 

If, after the cream has been separated from it, milk be gently 
warmed, and a little dilate acid, or rennet, which is an infusion 
of the stomach of the calf, be added to it, it divides into two por- 
tions ; one, solid, contains coagulated casein, and is called curd ; 
the other, liquid, contains the milk-sugar and other constituents 
of the milk dissolved in water, and is termed whey. Cheese 
is made from the curd by removing it from the whey, and sub- 
jecting it to pressure, after which it is put by to ripen. In the 
process of ripening the casein undergoes a kind of fermentation 
which confers upon it the characteristic flavour and smell of 
cheese. 

The milk-sugar of the whey is, like grape-sugar, subject to 
fermentation, forming alcohol and a peculiar acid called lactic 
acid. It is lactic acid which gives the taste to sour milk ; and 
when butter has not been thoroughly washed it is also liable to 
become rancid, from the presence 'of some of this fermentable 
sugar which it has carried with it from the milk. 



CHAPTEE XXVI. 

CHEMISTRY OF LIFE. 

Living beings are generally divided into two great classes, 
plants and animals ; and although in some cases the two classes 
approach so near to one another that it is difficult to draw an 
exact line between them, still, taken generally, they present re- 
markable differences, as well as remarkable analogies. Living 
things are continually growing — that is to say, they are con- 
stantly obtaining fresh matter or food from the world outside 
them, and making it part of themselves. If this process be 
stopped for a short time by any means, they lose the power of 
assimilation, as it is called, altogether, and gradually become 
broken up and decomposed; in other words, they die. In 
plants, when once matter has been assimilated and deposited, it 
remains until the death of the plant ; but in animals there is 
just as continually absorption and destruction of deposited 
matter, as there is assimilation of fresh matter; and, partly 
on this account, animals do not grow to the same size as plants, 
and require more food to preserve their life. Besides the mate- 
rial required for the formation of their tissue, another thing is 
necessary for the life of plants and animals, and that is, a 
proper temperature. If the living creature is heated or cooled 
too much, the assimilation of food is stopped, and it dies. 

The body or frame of plants consists in the main of carbon, 
hydrogen, and oxygen, in the form of cellulose, to which are 
added silica and other substances to confer upon it hardness, or 
perfume, or some other property special to an individual plant. 
The formation of cellulose in plants appears to depend upon 
the presence of a substance identical in composition with albu- 
men, but differing from it in the circumstance that it possesses 
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the remarkable property of reproduction, which ordinary alba- 
men has not. How this substance effects the building up of 
cellulose from its elements is not at all understood; but its 
presence seems to be always necessary to the formation of the 
tissues of living beings, and it has therefore received the name 
of protoplasm. 

The nitrogen of protoplasm is furnished originally by the 
gluten in the seed, but is supplied afterwards by ammonia and 
other nitrogenous substances absorbed by the plant from the air 
and soil by which it is surrounded. 

The bodies of animals, on the other hand, consist essentially 
of substances composed of the same materials as those which 
form cellulose, but with nitrogen in addition ; and the main 
difference between their assimilation of food and that of plants, 
lies in the circumstance that they are unable to form their 
tissues from the elements as they find them in the world out- 
side, until they have first been partially at least built up for 
them by plants. But it is remarkable that neither plants nor 
animals seem ordinarily able to assimilate any elementary sub- 
stance, with the single exception of oxygen, unless it is in a 
combined form. 

The food of living creatures has, then, two objects — one 
the building up and repair of the tissues, the other the 
maintenance and regulation of a proper temperature in those 
tissues. The former is performed by the assimilation or con- 
version of the food into tissue under the influence of proto- 
plasm ; the latter is effected by the balance, on the one hand, 
of the heat produced by the chemical change of the food into 
the more complex tissue, with, on the other hand, the cold pro- 
duced by evaporation of water from the exterior of the body, 
and the loss of heat which is experienced when the tissues are 
broken up and changed from complex to more simple bodies. 
Other circumstances, too, influence the temperature of living 
creatures, such as the external air, and, in the case of animals, 
movement and locomotion ; but these may be left out of con- 
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sideration for the sake of simplicity, as of course it is possible 
that a Hying being may live always in an atmosphere, of the 
same temperature and .never move. In that case, the only 
motion will be the circulation in the tissues of the sap or blood, 
which will tend to produce a slight loss of heat. 

Both of these objects might be accomplished by the same 
food, provided that the chemical change of the food into 
tissue supplied the necessary amount of heat; and in the case 
of vegetables and of some animals this is approximately the 
case. 

Plants, then, to form their tissues, require carbon, hydrogen, 
and oxygen, together with a certain amount of nitrogen to make 
their protoplasm. Carbon is furnished to them by the atmo- 
sphere in the form of carbonic anhydride, while the hydrogen 
and oxygen are supplied in proper proportions by the soil in 
the form of water. Both the carbonic anhydride and the water 
are absorbed, the former by the leaves, the latter by the roots 
of the plant, the process of absorption being something akin to 
the osmose, described on page 89. 

Nitrogen is supplied to the leaves, too, in the form of am- 
monia, by the atmosphere, and in larger quantities, in the form 
of nitrates and salts of ammonium, by the soil to those plants 
which, like corn, produce a large amount of nitrogenous matter 
in the form of gluten. 

Carbonic anhydride, then, and water, together furnish mate-, 
rials for making cellulose; but cellulose being formed of 
carbon, and of hydrogen and oxygen in the proportions to 
form water, the oxygen which the carbon brings with it is not 
wanted — it is in excess. The leaves, therefore, give it out 
again into the atmosphere, so that a plant breathes in carbonic 
anhydride and breathes out oxygen. Though cellulose is 
eventually formed in the plant, the first products of the union 
of the carbon, hydrogen, and oxygen are dextrin and sugar. 
The advantage of this is that cellulose is insoluble in water, 
and) consequently, where it is formed, there it must stay in the 



136 CHEMISTRY. 

plant; the water in the sap would not dissolve it and carry 
it about. But dextrin and sugar are soluble ; they circulate, 
then, in the sap, and are converted into cellulose in those parts 
of the plant where they are needed. The difference in the com- 
position of sugar and cellulose is merely that sugar contains 
less hydrogen and oxygen in the proportion of water than cellu- 
4 lose, while dextrin and cellulose have the same percentage 
composition. 

The formation of dextrin and sugar is effected principally 
in the leaves of plants, where the ascending sap, consisting 
of water with certain substances in solution, comes in contact 
with carbonio anhydride, and is converted under the combined 
influence of sunlight and the nitrogenous substance in the green 
oolouring-matter of the leaves. The converted, or, as it is 
termed, elaborated sap then descends, carrying material ready to 
form cellulose into other parts of the plant 

This formation of sugar and its circulation in the sap are very 
manifest in the case of the sugar-maple. The tree is tapped a 
short distance above the ground at the time of year when the 
sap is rising, and the juice which runs off is collected and 
furnishes a considerable quantity of sugar. 

Plants also effect a storage of material which can be used 
when required for the formation of new tissue, and this they 
do in the form of starch. Starch is eminently fitted for the 
purpose, because, being insoluble in water, it is not carried 
away in the sap, and yet, when wanted, is easily converted 
into soluble dextrin and sugar by the influence of diastase. 
This is what occurs in the germination of seeds ; the gluten or 
albumen in them form diastase, which ferments the starch, con- 
verting it into dextrin and sugar. As the growth proceeds, the 
dextrin and sugar are turned into cellulose, and thus furnish 
new material for the growth of the plant. 

Plants contain gluten and albumen in all their tissues in 
more or less quantity, but the amount in the seeds is much 
greater than that in the rest of the tissues, and this is the very 
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place where it is most required, for there is stored the material 
for the formation of a fresh plant, which is begun by the pro- 
duction of a ferment from the decay of the gluten. Those plants 
which, like corn, form a large proportion of gluten, require a 
soil possessing more nitrogen than usual, and this explains the 
good effect upon such plants of manures which contain ammonia 
or some other compound of nitrogen. 

The albumen of many plants contains, besides the elements 
already mentioned, a small proportion of sulphur and phos- 
phorus, which is obtained from the soil. If the soil be deficient 
in these materials they must be added, just as nitrogen is. 
This is why sulphates and phosphates are sometimes applied to 
land upon which grain is to grow. 

Animals obtain the elements of their tissues from plants, and 
therefore it is convenient, from an animal's point of view also, 
that gluten and albumen should be stored up in the seeds. 

The tissue which is essential to animals contains nitrogen, 
carbon, hydrogen, and oxygen, in the same proportions in which 
they exist in gluten and albumen, and therefore, as was re- 
marked before, it is possible to conceive that an animal might 
live entirely on these two products of plants if his temperature 
were not lowered in any way. But inasmuch as the tissued of 
animals are constantly decaying, that is, are broken up from 
complex into more simple substances, they are always liable to a 
lowering of their temperature. For, as a rule, the combination 
of elementary bodies involves a development of heat ; and, in- 
versely, the resolution of a compound body into its elements is 
attended by an absorption of heat. For example, the combina- 
tion of oxygen with carbon is the cause of the heat of an ordinary 
fire, while, on the other hand, it is necessary to supply heat to 
the compound dioxide of manganese in order to obtain the 
element oxygen from it. 

For this reason animals require other kinds of food, which, by 
their combination in the body, may produce the heat needful to 
keep up the temperature of their tissues. 
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This they can obtain in the form of starch from vegetables, 
and of oxygen from the air. Like plants, animals are furnished 
with two absorbing organs, the stomach performing the func- 
tions of the roots of plants, the lungs those of the'leavss. 

Starch is an insoluble substance, however, and it must be 

-i 

rendered soluble before it can be absorbed and burnt. This is 
effected by the spittle of the mouth and the juices of the stomach, 
which convert starch into sugar during mastication and diges- ~ 
tion, in the same way that diastase effects the conversion in ! 
plants. The sugar is then absorbed and conducted into the ; 
tissues, where it is again converted, before it is finally burnt, ;1 
into fat, carbonic anhydride, water, and oxygen. 

Oxygen is also absorbed in the lungs and carried by the v 
blood (which answers to the sap of plants) into all parts of the ., 
body, where it meets the fat and oxidises its carbon. The car* 
bonio anhydride resulting from this combustion, and from the J 
decomposition of the sugar mentioned above, is again taken up *® 
by the returning blood and carried to the lungs, where it is ^ 
given out. So that the leaves of plants and the lungs of^ 1 
animals perform exactly opposite functions ; leaves absorb car- ^ i 
bonic anhydride and give out oxygen, while lungs absorb oxygen 
and give out carbonic anhydride. Thus plants and animals supply 
each other with the breath necessary for each of them, and in thif ^ < 
way become mutually dependent upon each other for their lives- ^ 

This is also exemplified in another way. Plants assimi \ 
late nitrogen as nitric acid and ammonia ; while, on the otha ^ ( 
hand, animals produce, by the destruction of their tissue, nitro V 
genous bodies, and throw them away, so that plants are agai]^ to 
able to appropriate them. ^ \ 

Animals that live in cold climates, and whose temperature V% a 
consequently lowered more than that of animals in wan or dtr 
climates, find that the fat supplied by starch does not give ther^yb 
sufficient heat by its combustion, and therefore they are in tin les« 
habit of providing themselves with extra fuel ready made, h*°f wh 
eating fat and oiL ^ fort] 
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Animals differ from plants in requiring a constant supply of 
tissue-forming material, and therefore they do not store it np to 
the same extent ; but they do store up heat-producing material, 
namely, fat, and that very often in large quantities. 

Besides the substances mentioned above, many animals as 
well as plants require mineral foods in order to build up their 
skeleton, or to serve some other purpose essential to their 
well-being if not to their life. Thus, phosphate of calcium 
is m important constituent of bones, giving them hardness 
and strength, and phosphorus in another form seems to be 
necessary to the brain in order that it may properly perform its 



One of the most important foods of plants and animals is 

^ter, which is required not only to dissolve the materials, but 

to form part of the new tissues themselves. Cellulose has 

seen to consist of carbon combined with the elements of 

wfer, and starch differs from grape-sugar only in containing 

hydrogen and oxygen in the proportion of water. 

The above is only a rough outline of the chemistry of life ; 

in considering such a complicated structure as the body of 
^a, or of the higher animals, it is obvious that many hundred 
Nations and additions would be rendered necessary to furnish 
Qrthing like a complete account of the chemical processes 
involved. The chemistry of the elements, considered with 
*$rd to the dead structures on the earth, *such as minerals, 
cUes, &c, bears about the same relation in point of importance 
W interest to the chemistry of life, that the alphabet of a 
Vguage bears to its grammar. The idea may even be carried 
'step farther, and physiology, the science which treats of the 
Auctions or duties of the several organs and parts of living 
stores, may be called the literature. 

The great lesson to be learnt from chemistry is, that although 
% matter of which the world is composed is constantly being 
*nged in form, nothing is destroyed. When things burn, as 
Express it, there is no destruction, but merely change from 
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one form to another, and what seems to vanish soon reappears 
in the solid forms growing up around ns. So, when decay 
takes place, there is no loss of a single particle of matter, there 
are only chemical changes forming new combinations and 
arrangements of the particles of the decaying substance. Che- 
mistry is at work everywhere, not destroying, but taking to 
pieces only to rebuild again, and it does the latter quite as 
readily and rapidly as it does the former. 
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Condy'a fluid, 102 
Copper, 51, 103 

acetate of 84 

oxide of, 103, 104 

sulphate of, 78 

sulphide of, 103 

Coral, 85, 87 
Corn-spirit, 126 
Corrosive sublimate, 81 
Cotton, 120, 121 

gun, 121 

Cream, 132 

of tartar, 103 

Cremation, 38 
Cry of tin, 113 
Crystallisation, 111 
Curds, 132 
Cyanide, 74 
Cyanogen, 38 

Davy, Sir Humphry, 40 

Dead Sea, 57 

Decantation, 10 

Decomposition, 3, 75 

Deliquescence, 110, 113 

Deodorising substance, 53, 82 

Dew, 6, 25, 47 

Dextrin, 121 

Diastase, 124 

Diffusion, 35 

Dioxide of manganese, 13, 49, 102 

Distillation, 125 

Double decomposition, 75 

salt, 79, 102 



Dough, 130 
Drummond light, 100 
Drying agent, 77, 100 
Ductility, 92 

Effervescence, 28, 36, 76, 86 
Efflorescence, 113, 121 
Eggs, albumen in, 129 

smell of rotten, 80 

Elaboration of sap, 136 
Elder-pith, 120 
Element, 1 
Emerald, 101 
Emery powder, 102 
Epsom salts, 56, 79 
Esparto grass, 121 
Evaporation, 47 

Faraday, Sir Michael, 3 
Fat, 114 

Fermentation, 124 
Fibrin, 131 
Fire, cause of heat of, 137 

obtained by friction, 63 

Fire-damp; 40 
Fish breathe, 109 
Flame, 66, 67, 68, 71 
Flint, 88 

and steel, 64 

Florida, 87 

Flour, 122, 129 

Fluorine, 88 

Flux, 95 

Food, 12, 133, 134, 135, 137 

Frescoes in House of Commons, 90 

Friction, heat developed by, 64 

Fusible metal, 114 

Galena, 103 
Garnet, 101 
Gay-Lussac, 39 
German silver, 98 
Gin, 126 
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Glass. 86 

Bohemian, 90 

coloured, 90 

crown, 90 * 

insoluble, 90 

plate, 90 

window, 90 

Glauber's salt, 25, 51, 78, 111 
Gliadin, 131 
Gluten, 129 

Glycerin, 117 

Gold, 81, 107, 114 

Gooseberry wine, 127 

Graham, 89 

Granite, 101 

Grape-sugar, 122, 123, 124 

Gum, 122 

Guncotton, 121 

Gunpowder, 66, 80 

Gurney, Mr.. 32 

Gypsum, 78, 111 

Hardness of water, permanent, 79, 

119 
temporary, 86, 118 

Hartshorn, 17 

Hay, 124 

Heat, absorption of, in chemical 

decomposition, 134, 137 
development of, in chemical 

combination, 134, 137 
Heaton's process, 97 
Hock, 127 
Hydrate of calcium, 85 

of potassium, 74 

Hydriodic acid, 55 
Hydrobromio acid, 56 
Hydrocarbon, 66 
Hydrochloric acid, 28, 50, 74, 81 
Hydrocyanic acid, 74, 83 
Hydrogen, 5, 7 

oxide of, 24 

Hydrosulphuric acid, 74, 79 



Hypophosphite, 75 
Hypophosphorous acid, 75 

Ice, 112 

Iceland spar, 85, 111 

Ink, 53 

Iodine, 55 

Iridium, 108 

Iron, 9, 15, 92 

carbonate of, 93 

oxide of, 91, 98 

cast, 93 

pig, 96 

pyrites, 78 

wrought, 93 

Ironstone clay, 93 
Ivory black, 19 

Kane, Dr., 106 
Kaolin, 91 
Kelp, 55 

Lactic acid, 132 
Lamp black, 19, 22 
Lard, 116 
Laughing-gas, 26 
Lead, 103 

acetate of; 84 

carbonate of, 86 

chloride of, 82 

oxide of, 86, 103. 

sugar of, 84 

sulphide of, 103 

tree, 84 

Leaven, 130 

Leaves, 46, 135, 136 

L'extincteur, 32 

Light, chemical action of, 51 

Liohen, 37 

Lime, 34, 99, 123 

Limelight, 100 

Limestone, 85, 99 

magnesian, 102 
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Lime, milk of, 86 

quick, 38, 99 

slaked, 100 

solubility of, 111 

water, 131 

Linen, 120, 121 
Linseed oil, 116 
Litharge, 103 
Litmus, 37 
Loadstone, 98 

Londonderry, loss of the, 45 
Looking-glass, silvering of, 106, 115 
Lunar caustic, 81 

Maclise, 90 
Madeira wine, 127 
Magnesia, calcined, 111 
Magnesian limestone, 102 
Magnesium, 102 

carbonate of, 102, 111 

chloride of, 102 

silicate of, 91 

Malleability, 92 
Malt, 126, 128 
Manganate, 102 
Manganese, 102 

dioxide of, 13, 49, 102 

Manure, 81, 137 

— sulphates and phosphates as, 

137 

Maple-sugar, 122, 136 

Marble, 28, 85 
Margaric acid, 117 
Marsh gas, 39 
Matches, 62 
Meerschaum, 91 
Margarin-, 
Mercury, 18, 106 

oxide of, 107 

sulphide of, 106 

Metal, 92, 114 
Mica, 112 
Milk, 132 



Milk of lime, 86 

sugar, 122, 132 

Molasses, 123, 126 
Mortar, 100 
Muriatic acid, 50 

Naphtha, 101 
Nickel, 98 
Nitrate, 74 

of potassium, 74, 80, 113 

silver, 81 

sodium, 113 

Nitre, 74, 80, 113 

Nitric acid, 17, 26, 74, 79 

anhydride, 26 

peroxide, 26, 121 

Nitrification, 80 
Nitrogen, 16 

oxides of, 26 

Nitrous acid, 25 

anhydride, 26 

Non-destruction of matter, 139 

Oil, 114 

almond, 116 

castor, 116 

cocoanut, 116 

cod-liver, 116 

colza, 66, 116 

linseed, 116 

olive, 116 

palm, 116 

solar, 66 

sperm, 116 

Olefiant gas, 42 
Oleic acid, 117 
Olein, 116 
Olive oil, 116 
Opacity, 92 
Osmosis, 88, 89, 135 
Oxide, 24 

of aluminium, 102 

of arsenic, 104 
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Oxido of calcium, 34, 99 
— of carbon, 27 

of copper, 104 

of hydrogen, 24 

of iron, 91, 98 

of lead, 86, 103 

of manganese, 102 

, of mercury, 107 

of nitrogen, 26 

of potassium, 101 

of sodium, 91, 101, 111 

of zinc, 104 

Oxidising flame, 71 
Oxygen, 12, 52, 107 
Oxyhydrogen blowpipe, 100 
Oyster-shell, 87 

Pale ale, 128 

Palm oil, 116 

Palmitin, 116 

Paper, 121 

Paraffin, 66 

Permanganate of calcium, 102 

of potassium, 102 

Pewter, 103 
Philosopher's candle, 8 
Phosphate of calcium, 62 
Phosphoric acid, 18, 62, 75 

anhydride, 18, 62 

Phosphite, 75 
Phosphorous acid, 74 
Phosphorus, 14, 18, 62, 51 

red, 63 

in iron, 94 

Photogene, 66 
Pig iron, 97 
Pinchbeck, 114 
Pins, 103 
Plants, 133 
Plaster of Paris, 78 
Platinum, 108 
Pneumatic trough, 9, 18 
Porcelain, 91 



Port wine, 127 
Porter, 36, 128 
Potash, 28, 86 

caustic, 101 

Potassium, 25, 100 

carbonate of, 28, 86, 101 

chlorate of, 13, 62 

chloride of, 56, 74 

hydrate of, 74, 101, 111 

nitrate of, 74, 80, 113 

oxide of, 101, 111 

pyrogallate of, 18 

silicate of, 89 

tartrate o£ 103, 127 

Price's candles, 119 
Priestley, Dr., 107 
Proof spirit, 126 
Protoplasm, 134 
Prussian blue, 83 
Prussic acid, 18, 83 
Puddling, 97 
Pumice stone, 77 
Pyrogallate of potassium, 18 
Pyroxyllin, 121 

Quartz, 88 
Quicklime, 38, 99 
Quicksilver, 106 

Rags, paper made from, 121 

sugar made from, 123 

Reaction, 7, 51 
Receiver, 9 
Rectified spirit, 127 
Reducing flame, 71 
Refining of iron, 97 
Rennet, 132 
Retort, 13 
Rice, 122, 126 
Rice paper, 120 
Rising of dough, 130 
Roasting of ores, 94, 103. 104 
Rouge, 98 
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Ruby, 101 


Smelling salts, 37 


Bum, 126 


Smelting iron, 94 


Bust, 9 


Snow, 112 




Soap, 86, 117 


Safety lamp, 41 


bubble, 31 


Sal ammoniac, 37 


calcium, 118 


volatile, 37, 86 


Castile, 118 


Saliva, 124, 138 


- — curd, 118 


Salt, 74 


hard, 117 


common, 53, 111 


potash, 117 


double, 79, 102 


soda, 117 


petre, 80, 113 


soft, 117 


Sand, 88 


Windsor, 118 


Sap, 136 


yellow, 117 


Saponification, 117 


Soda, 28 


Sapphire, 101 


caustic, 50, 101 


Satin spar, 79 


Soda-water, 36 


Saturated solution, 110 


Sodium, 25 


Sawdust, 123 


acetate of, 39 


Sea-water, 55, 56 


carbonate of, 101, 113 


Sealing-wax, 106 


chloride of, 49, 53, 91 


Seeds of plants, 124, 136, 137 


hydrate of, 39, 101 


Shells, 85, 86, 87, 110 


oxide of, 91, 101 


Sherry, 127 


silicate of, 88, 89 


Shot, 103 


sulphate, 25, 78 


Silica, 88 


Solar oil, 66 


Silicate, 88 


Solder, 103 


of aluminium, 90 


Solution, 25, 77, 109, 110 


of calcium, 90 


Soot, 19, 21, 68 


of magnesium, 91 


Sperm oil, 116 


of potassium, 89 


Spermaceti, 116 


of sodium, 88 


Stalactite, 85 


Silicon, 88 


Stalagmite, 85 


in iron, 94 


Starch, 122 


oxide of, 88 


Steam, 5, 9, 25 


Silver, 107, 114 


Stearates, 117 


nitrate of, 81 


Stearic acid, 117, 119 


sulphide of, 80, 107 


Stearin, 116 


German, 98 


Steel, 93, 97 


Singing flame, 11 


Stephenson, Robert, 4 


Size, 121 


Stoneware, 99 


Slag, 94, 96 


Sublimation, 105 


Slaked lime, 100 


Suet, 116 
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Sugar, 122 

of lead, 84 

Sulphate of ammonium, 77 

calcium, 56, 78 

copper, 78 

iron, 79 

magnesium, 56, 79 

zinc, 79 

Sulphide, 74 

of arsenic, 80 

of copper, 103 

of iron, 78, 79 

of lead, 103 

of mercury, 106 

of silver, 80, 107 

of tin, 80 

of zinc, 104 

Sulphur, 14, 64 

flowers of, 65 

— •— in iron, 94 
Sulphuric acid, 25, 77 
Sulphurous acid, 78 

anhydride, 14, 77 

Sweet-wort, 128 

Tallow, 5, 66 

Tartar, 127 

Tartrate of potassium, 103, 127 

Temperature, in the body, 116, 134, 

137, 138 
Tempering steel, 93 
Test-tube, 18 
Tin, 103 

cry of, 113 

oxide of, 103 

stone, 103 

sulphide of, 80 

ware, 103 



Tinder, 64 
Tombac, 114 
Turmeric, 38 
Turpentine, 51 
Type-metal, 103 

Verdigris, 84 
Vermillion, 106 
Vinegar, 84, 125 
Vitriols, 79 

Waste of fuel, 21, 27 
Water, 2, 24 

of crystallisation, 113 

in the air, 46 

permanent hardness of, 79, 119 

temporary hardness of, 86, 118 

Water pipes, 86, 103 
Wax, 66 
Welding, 93 
Wells, 33 
Whey, 132 
Whiskey, 126 
Wine, 125 

dry, 127 

strength of, 127 

sweet, 127 

Wood, 20, 46, 120 
Wrought iron, 93, 97 

Yeast, 125, 128, 130 

Zinc, 7, 84, 108 

acetate of, 84 

carbonate of, 104 

oxide of, 104 

sulphate of, 79 

sulphide of, 104 
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An English History for the Use 

of Public Schools. 

By the Rev. J. Franck Bright, M.A., Fellow of University College, 
and Historical Lecturer in Balliol, New, and University Colleges, Oxford; 
late Master of the Modern School in Marlborough College. 

With numerous Maps and Plans. Crown 8vo. [In the press. 

This work will be divided into three Periods, each sold separately 
and complete in itself, with Contents, Maps, Plans and Index. These 
Periods will be of convenient and handy size, especially adapted for 
use in Schools, as well as for Students reading special portions of 
History for local and other Examinations. It will also be issued in 
One Complete Volume. 

Period I. — Feudal Monarchy: The departure of the Romans, to 

Richard III. From a.d. 449 to a.d. 1485. 
Period II. — Personal Monarchy : Henry VIL to James II. From a.d. 

1485 to a.d. 1688. 
Period III. — Constitutional Monarchy : William and Mary, to the 

present time. From a.d. 1688 to a.d. 1837. 

About five years ago, after a meeting of a considerable number of Public School Masters, 
it was proposed to the Author that he should write a School History of England. As the 
suggestion was generally supported he undertook the task. The work was intended to 
supply some deficiencies felt to exist in the School Books which were at that time procur- 
able. It was hoped that the work would be completed in three years, but a series ot 
untoward events has postponed its completion till now. The Author has attempted to 
embody, in the present publication, so much of the fruit of many years' historical reading, 
and of considerable experience in teaching history, as he believes will be useful in 
rendering the study at once an instructive and an interesting pursuit for boys. Starting 
from the supposition that his readers know but little of the subject, he has tried to give a 
plain narrative of events, and at the same time so far to trace their connection, causes, and 
effects, as to supply the student with a more reasonable and intelligent idea of the course 
of English History than is given by any mere compendium of facts. It has been thought 
convenient to retain the ordinary divisions into reigns, and to follow primarily, throughout, 
the Political History of the country ; at the same time considerable care has been given 
to bring out the great Social Changes which have occurred from time to time, and to follow 
the growth of the people and nation at large, as well as that of the Monarchy or of special 
classes. A considerable number of genealogies of the leading Houses of the 14th and 15th 
centuries have been introduced to illustrate that period. The later periods are related at 
considerably greater length than the earlier ones. The foreign events in which England 
took part have been, as far as space allowed^ brought into due prominence ; while by the 
addition of numerous maps and plans, in which every name mentioned will be found, it is 
hoped that reference to a separate atlas will be found unnecessary. The marginal 
analysis has been collected at the beginning of the volume, so as to form an abstract of the 
History, suitable for the use of those who are beginning the study. 
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HISTORICAL HANDBOOKS 

Edited by 
OSCAR BROWNING, M.A., 

FHLLOW OF KING'S COLLEGE, CAMBRIDGE ; ASSISTANT-MASTER AT ETON COLLEGE. 

Small 8vo. 

History of the English Institutions. 

By Philip V. Smith, M.A., Barrister-at-Lmv ; Fellow of Kings 
College, Cambridge* y. 6d. . 

CONTENTS. 
• Part I. 

Social anu Local Development of tf>e Constitution* 

Origin of the English Institutions — The People — Local Government. 

Part II. 

Constituents of tf>e Central Sutyority* 

The King— Parliament— The King's Council. 

Part III. 

Central tfotoemment* 

Legislation — Judicature — The Executive — Taxation— -Chronological Table. 

Index and Glossary. 



"It contains in a short compass an 
amount of information not otherwise acces- 
sible to students without considerable re- 
search. The chapter on Local Government 
in particular is well executed. It would 
be hard to name any other book in which 
the history of our local institutions, from 
the Gemots of the first Teutonic settlers 
down to the County Court, the Local 
Government Board, and the School Board of 
our own day, is to be found." — Athenaum. 

" The style is concise and lucid ; the 
information is full as regards essentials, 
and extraneous matter is well avoided. It 
is an excellent treatise for the student who 
wishes to get a philosophic grasp of per- 
haps the best institutions, as a whole, that 
any people or succession of peoples have 
developed." — Edinburgh C our ant. 

"An admirable compilation of all the 
most noteworthy facts in our constitutional 
history, from the earliest times of which 
we have authentic record, down to the year 
2873, and is arranged in a most convenient 
manner for the student. It is ostensibly 
intended for the Public Schools, but gen- 
tlemen preparing for the English and Indian 
Civil Services will find its accurate and 
succinct information of the greatest value." 

Civil Service Review. 



"The institutions which make up the 
English Constitution are here classified 
under several leading divisions. Our local 
institutions are traced to their origin, and 
the various phases of the political develop- 
ment of our central government are traced 
with remarkable accuracy and precision. 
The work is not only based upon the most 
authoritative guides on the subject, but it 
gives an excellent and exhaustive list of 
standard authorities. The index, the glos- 
sary, and the explanations given of difficult 
and technical terms will be all found of use 
by the student. It is an admirable guide, 
and worthy of our warmest commendation." 

Standard. 
" It is emphatically one which ought to 
find its way into all schools, as an introduc- 
tion to the more important works of Hallam, 
May, and Blackstone, and a companion to 
the histories of England."— Educational 
Times. 

"Though, as we have said, the book is 
a book for students, it is not without its 
value as a work of reference ; for the vast 
number of subjects treated of are carefully 
classified and headed in sections, and there 
is a very good index, which is also a glos- 
sary."— School Board Chronicle* 
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HISTORICAL HANDBOOKS— continued. 

History of French Literature. 

Adapted from the French of M. Demogeot, by C. Bridge. 

3*. 6d. 

CONTENTS. 

JFiwt IPerioti* 

THE MIDDLE AGES. 

Epic Poetry — Lyric Poetry — Clerical Society in the Middle Ages — History in the 
Middle Ages — The Drama — The Fifteenth Century, an age of Transition 

€>econto JPeriofc* 

THE RENAISSANCE. 

Roman Jurisprudence — Moral and Political Philosophy — Oratory — Pamphlets- 
Memoirs — History— Poetry and Reform of Literature. 

3$trt IPerioth 

THE SEVENTEENTH CENTURY. 

Foreign Influence — Novelists — The Age of Richelieu — The Drama — Philosophy 
and Eloquence — Louis XIV. and his Court — Age of Louis XIV. ; The Drama and 
Poetry ; Philosophy and Oratory. 

jFourtf) SDeriotu 

THE EIGHTEENTH CENTURY. 

Voltaire — Strife of Doctrines — The Encyclopaedists and the Religious Party— Jean- 
Jacques Rousseau — Moderate Reform — End of the Eighteenth Century. 

JFiftfj ©erioTh 

THE NINETEENTH CENTURY. 
The First Empire — The Restoration — History and Criticism — Conclusion. 

"An excellent manual." — Athenamm. a good and sufficient handbook." — British 

"A clever adaptation." — London Quar- Quarterly Review, 

terly Review. "We cannot too highly commend this 

"It is clear, idiomatic, and flowing, careful analysis of the characteristics of the 

possessing all the characteristics of good great French writer." — Standard. 

English composition. Its perusal will fur- " Unlike most manuals, it is readable as 

nish abundant evidence of the richness and well as accurate." — Echo. 
variety of French literature, of which it is 

The Roman Empire. .a.d. 395-800. 

By A. M. Curteis, M.A., Assistant-Master at Sherborne SchooL 
late Fellow of Trinity College^ Oxford. 

With Maps. %s. 6d, 

History of Modern English Law. 

By Sir Roland Knyvet Wilson, Bart., M.A., Barrister-at-Law ; 
late Fellow of King's College^ Cambridge. {Nearly ready. 

[HISTORICAL HANDBOOKS— Continued. 
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HISTORICAL HANDBOOKS- continued. 

English History in the XIVth Century. 

27y' Charles H. Pearson, M.A., Principal of the Presbyterian 
Ladies* College, Melbourne, late Fellow of Oriel College, Oxford, and 
Professor of History in the University of Melbourne. 

[In the Press. 

The Great Rebellion. 

By the Editor. 

History of the French Revolution. 

By the Rev. T. FRANCK Bright, M.A., Fellow 0/ University College, 
and Historical Lecturer in Balliol, New, and University Colleges, Oxford; 
late Master of the Modern School at Marlborough College. 

The Age of Chatham. 

By Sir W. R. Anson, Bart, M.A., Fellow of All Souls' College, and 
Vinerian Reader of Law, Oxford. 

The Age of Pitt. 

By the Same. 

The Reign of Louis XI. 

By F. WiLLERT, M.A., Fellow and Lecturer oj Exeter College, 
Oxford. 

The Supremacy of Athens. 

By R. C. Jebb, M.A., Fellow and Tutor of Trinity College, Cam- 
bridge, and Public Orator of the University. 

The Roman Revolution. From B.C. 133 to the 

Battle of Actium. 

By H. F. Pelham, M.A., Fellow and Lecturer of Exeter College; 
Oxford. 

History of the United States. 

By Sir George Young, Bart., late Fellow of Trinity College, 
Cambridge. 

(See Specimen Page, No. 3.) 
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In preparation 

HISTORICAL BIOGRAPHIES 

Edited by 
THE REV. M. CREIGHTON, M.A., 

FELLOW AND TUTOR OF MKRTON COLLEGE, OXFORD, 

With Frontispiece and Maps. 

The most important and the most difficult point in Historical Teaching is to awaken 
a real interest in the minds of Beginners. For this purpose concise handbooks are seldom 
useful. General sketches, however accurate in their outlines of political or constitutional 
development, and however well adapted to dispel false ideas, still do not make history a 
living thing to the young. They are most valuable as maps on which to trace the ijoute 
beforehand and show its direction, but they will seldom allure any one to take a walk. 

The object of this series of Historical Biographies is to try and select from English 
History a few men whose lives were lived in stirring times. The intention is to treat their 
lives and times in some little detail, and to group roiind them the most distinctive features 
of the periods before and after those in which they lived. 

It is hoped that in this way interest may be awakened without any sacrifice of accu* 
racy, and that personal sympathies may be kindled without forgetfulness of the principles 
involved. 

It may be added that round the lives of individuals it will be possible to bring together 
facts of social life in a clearer way, and to reproduce a more vivid picture of particular 
times than is possible in a historical handbook. 

By reading Short Biographies a few clear ideas may be formed in the pupil's mind, 
which may stimulate to further reading. A vivid impression of one period, however short, 
will casfy the pupil onward and give more general histories an interest in their turn. Some- 
thing, at least, will be gained if the pupil realises that men in past times lived and moved 
in the same sort of way as they do at present. 

It is proposed to issue the following Biographies adapted to the reading of pupils 
between the ages of 12 and 15 : 

i. Simon de Montfort. 5. The Duke of Marlborough. 

a. The Black Prince. d. William Pitt, 

3. Sir Walter Raleigh. or, The Duke of Wellington. 

4. Oliver Cromwell. 

History of the Church under the 

Roman Empire, a.d. 30-476. 

By the Rev. A. D. Crake, B.A., Chaplain of All Saints' School, 
Bloxham, 

Crown 8vo. Js, 6d. 

A History of England for Children. 

By George Davys, D.D., formerly Bishop of Peterborough. 

New Edition. i8mo. is. 6d. 
With twelve Coloured Illustrations. Square cr. 8vo. y. 6d. 
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ENGLISH 

* 

ENGLISH SCHOOL-CLASSICS 

With Introductions and Notes at the end of each Book, 

Edited by FRANCIS STORR, B.A., 

ASSISTANT-MASTBR AT MARLBOROUGH COLLBGS, LATB SCHOLAR OP TRINITY COLLHGB , 

CAMBR1BGB, AND BELL UNIVERSITY SCHOLAR. 

Small %vo. 
THOMSON'S SEASONS : Winter. 

With Introduction to the Series, by the Rev. T. Franck Bright, M.A., Fellow of 
University College, and Historical Lecturer in Balliol, New, and University Colleges* 
Oxford ; late Master of the Modern School at Marlborough College, is. 

COWPER'S TASK. 

By Francis Store, B.A., Assistant-Master at Marlborough College, ar. 

Part I. (Book I.— The Sofa ; Book II.— The Timepiece) gd. Part II. (Book III. 
—The Garden; Book IV.— The Winter Evening) ad. Part III. (Book V.— The 
Winter Morning Walk ; Book VI.— The Winter Walk at Noon) gd. 

SCOTT'S LAY OF THE LAST MINSTREL. 

By J. Surtebs Phillpotts, M.A., Head Master of Bedford School, formerly 
Fellow of New College, Oxford, ax. id. 

Part I. (Canto I., with Introduction, &c.) gd. Part II. (Cantos II. and III.) gd. 
Part III. (Cantos IV. and V.) gd. Part IV. (Canto VI.) gd. 

SCOTT'S LADY OF THE LAKE. 

' By R. W. Taylor, M.A., Assistant-Master at Rugby School, a*. 

Part I. (Cantos I. and II.) gd. Part II. (Cantos III. and IV.) gd. Part III. 
(Cantos V. and VI.) gd. 

SCOTT'S WAVHRLEY. 

By H. W. Eve, M.A., Assistant-Master at Wellington College. 

TWENTY OF BACON'S ESSAYS. 

By Francis Store, B.A., Assistant-Master at Marlborough College, is. 

SIMPLE POEMS. 

Edited by W. E. Mullins, M.A. Assistant-Master at Marlborough College. &£ 

SELECTIONS FROM WORDSWORTH'S POEMS. 

By H. H. Turner, B.A., late Scholar of Trinity College, Cambridge, if. 

WORDSWORTH'S EXCURSION: The Wanderer. 

By H. H. Turner, B.A., late Scholar of Trinity College, Cambridge, is. 

MILTON'S PARADISE LOST. 

By Francis Storr, B.A., Assistant-Master at Marlborough College. 
Book I. gd. Book II. gd. 
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ENGLISH SCHOOL CLASSICS— continued. 

SELECTIONS FROM THE SPECTATOR. 

By Osmund Airy, M.A., Assistant-Master at Wellington College, is. 

BROWNE'S RELIGIO MEDICI. 

By W. P. Smith, M.A., Assistant-Master at Winchester College, x*. 

GOLDSMITH'S TRAVELLER AND DESERTED VILLAGE. 
By C. Sankby, MA, Assistant-Master at Marlborough College* is. 

SELECTIONS FROM BURNS' POEMS. 

By A. M. Bull, M.A., Assistant-Master at Fettes College, Edinburgh. 

MACATTLAY'S ESSAYS. 

MOORE'S LIFE OF BYRON. By Francis Storr, B.A. orf. 
BOSWELL'S LIFE OF JOHNSON. By Francis Storr, B.A. od. 
HALLAM'S CONSTITUTIONAL HISTORY. By H. F. Boyd, late Scholar of 
Brasenose College, Oxford, u. 6d 

SOTJTHEY'S LIFE OF NELSON. 

By W. E. Mullins, M.A., Assistant-Master at Marlborough College. 

*•* The General Introduction to the Series will be found in Thomson's Winter. 

(See Specimen Pages, Nos. I and 2.) 
OPINIONS OF TUTORS AND SCHOOLMASTERS. 

Something of the kind was greatly wanted." 
— E. E. Bowen, M.A., Master of the 
Modern Side, Harrow School. 

" I have used some of the volumes of 
your English School-Classics for several 
months in my ordinary form work, and I 
have recommended others to be set as sub- 
jects for different examinations for which 
the boys have to prepare themselves. I 
shall certainly continue to use them, as 
I have found them to be very well suited 
to the wants of my form." — C. M. Bully 
M.A., Master of the Modern School in 
Marlborough College. 

" I have no hesitation in saying that the 
volumes of your Series which I have ex- 
amined appear to me far better adapted for 
school use than any others which have 
come under my notice. The notes are 
sufficiently full to supply all the informa- 
tion which a boy needs to understand the 
text without superseding the necessity of 
his thinking. The occasional questions 
call the learner's attention to points which 
he can decide from his own resources. The 
general plan, and the execution of the 
volumes whieh have come before me, leave 
little to be desired in a School Edition of 
the English Classics."— The Rev. Chas. 
Grant Chittenden, M^i., .The Grange, 
Hoddesdon, Herts. 



"Nothing can be better than the idea 
and the execution of the English School- 
Classics, edited by Mr. Storr. Their cheap- 
ness and excellence encourage us to the 
hope that the study of our own language, 
too long neglected in our schools, may take 
its proper place in our curriculum, and may 
be the means of inspiring that taste for lite- 
rature which it is one of the chief objects 
of education to give, and which is apt to be 
lost sight of in the modern style of teaching 
Greek and Latin Classics with a view to 
success in examinations." — Oscar Brown- 
ing, M.A., Fellow of King's College, 
Cambridge ; Assistant-Master at Eton 
College. 

" I think the plan of them is excellent ; 
and those volumes which I have used I 
have found carefully and judiciously edited, 
neither passing over difficulties, nor pre- 
venting thought and work on the pupil's 
part by excessive annotation." — Rev. C. B. 
Hutchinson, M.A., Assistant-Master in 
Rugby School. 

*°I think that these books are likely to 
prove most valuable. There is great variety 
in the choice of authors. The notes seem 
sensible, as far as I have been able to 
examine them, and give just enough help, 
and not too much; and the size of each 
volume is so small, that in most cases it 
need not form more than one term's work. 
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SELECT PL A YS OF SHAKSPERR 

RUGBY EDITION. 

With an Introduction and Notes to each Play. 

Small 8vo. « 

As You Like It. zs. 

Edited by the Rev. CHARLES E. MOBERLY, M.A., Assistant- Master 
in Rugby School, and formerly Scholar of Balliol College, Oxford. 

Macbeth. 2s. 

Edited by the Same. 

CORIOLANUS. zs. 6d. 

Edited by Robert Whitelaw, M.A., Assistant-Master in Rugby 
School, formerly Fellow of Trinity College, Cambridge, 

Hamlet. 2s. 6d. 

Edited by the Rev. Charles E. Moberly, M.A. 

The Tempest. 

Edited by]. Surtees Phillpotts, M.A., Head-Master of Bedford 
School, formerly Fellow of New College, Oxford. 

With Notes at the end of the Volume. [In the press. 



Grammar for 

Schoolboys. 

An Introduction to English Etymology and Accidence, Syntax and 
Analysis, Style and Prosody. 

By Francis Storr, B.A., Assistant- Master at Marlborough College. 

Small 8vo. [In preparation. 

A Practical Introduction to English 

Prose Composition. 

An English Grammar for Classical Schools, with Questions, and a 
Course of Exercises. 
By Thomas Kerchever Arnold, M.A. 

Tenth Edition. l2mo. 4*. 6d. 
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MATHEMATICS 

HIVING TONS' MATHEMATICAL SERIES 

The following Schools, amongst many others, use this Series : — 
Eton : Harrow : Winchester : Charterhouse : Marlborough : Shrewsbury : 
Cheltenham : Clifton : City of London School : Haileybury : Tonbridge : 
Durham: Fettes College, Edinburgh: Owen's College, Manchester: H.M.'s 
Dockyard School, Sheerness : Hurstpierpoint : King William's College, 
Isle of Man : St Peter's, Clifton, York : Birmingham : Bedford : Felsted : 
Christ's College, Finchley : Liverpool College : Windermere College : 
Eastbourne College : Brentwood : Perse School, Cambridge. Also in use 
in Canada : H.M. Training Ships : Royal Naval College, Greenwich : 
Melbourne University, Australia : the other Colonies : and some of the 
Government Schools in India. 

OPINIONS OF TUTORS AND SCHOOLMASTERS. 



"A person who carefully studies these 
books will have a thorough and accurate 
knowledge of the subjects on which they 
treat." — H. A. Morgan, M.A., Tutor of 
Jesus College, Cambridge^ 

"We have for some time used your 
Mathematical books in our Lecture Room, 
and find them well arranged, and well cal- 
culated to clear up the difficulties of the 
subjects.- The examples also are numerous 
and well-selected."— N. M. Ferrers. At. A., 
Fellow and Tutor of Gonville ana Caius 
College* Cambridge. 

" I have used in my Lecture Room Mr. 
Hamblin Smith's text-books with very great 
advantage." — James Porter, bf-A., Fellow 
and Tutor of St. Peter's College, Cam- 
bridge. 

"For beginners there could be no better 
books, as I have found when examining 
different schools."— A . W. W. Steel, M.A., 
Fellow and Assistant-Tutor of Gonville 
and Caius College, Cambridge. 

" I consider Mr. Hamblin Smith's Mathe- 
matical Works to be a very valuable series 
for beginners. His Algebra in particular 
I think is the best book of its kind for schools 
and for the ordinary course at Cambridge." 
F. Patrick, M.A ., Fellow and Tutor 
of Magdalen College, Cambridge. 

" The series is a model of clearness and 
insight jnto possible difficulties."—^ ev. J. 
F. Blake, St. Peter's College, Clifton, 
York. 

"I can say with pleasure that I have 
used your books extensively in my work at 



Haileybury, and have found them on the 
whole wen adapted for boys." — Thomas 
Pitts, M.A., Assistant Mathematical 
Master at Haileybury College. 

" I can strongly recommend them all." 
W. Henry, M.A., Sub-Warden, 
Trinity College, Glenalmond. 

"I consider Mr. Smith has supplied a 
great want, and cannot but think that his 
works must command extensive use in good 
schools." — J. Henry, B.A., Head-Master, 
H.M. Dockyard School, Sheerness, and 
Instructor of Engineers, R.N. 

" We have used your Algebra and Trigo- 
nometry extensively at this School from 
the time they were first published, and I 
thoroughly agree with every mathematical 
teacher I have met, that, as school text- 
books, they have no equals. We are intro- 
ducing your Euclid gradually into the 
School." — Rev.B.Edwardes, sen., Mathe- 
matical Master at the College, Hurst' 
fier/oint, Sussex. 

" I consider them to be the best books 
of their kind on the subject which I have 
yet seen." — Joshua Jones, D.C.L., Head- 
Master, King William's College, Isle of 
Man. 

" I have very great pleasure in express- 
ing an opinion as to the value of these books. 
I have used them under very different cir- 
cumstances, and have always been satisfied 
with the results obtained." — C. H. W. 
Biggs, Mathematical Editor of the 'Eng- 
lish Mechanic,' Editor of the 'Monthly 
Journal of Education.' 
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RIVING TONS MATHEMATICAL AE^/fi^-contiinied. 

Elementary Algebra. 

By J. Hamblin Smith, M.A., of Gonvilk and Cams College, and 
late Lecturer at St. Peter's College, Cambridge. 

i2mo. y. Without Answers, 2s. 6d. 

A Key to Elementary Algebra. 

Crown 8vo. 9*. 

Exercises on Algebra. 

By J. Hamblin Smith, M.A. 

i2mo. 2j. 6d. 
Copies may be had without the Answers. 

Algebra. Part II. 

By E. J. Gross,- M.A., Fellow oj Gonville and Cams College^ 
Cambridge, 

Crown 8vo. &r. 6d. 

Kinematics and Kinetics, 

By E. J. Gross, M.A. 

Crown 8vo. [In the Press, 

A Treatise on Arithmetic. 

By J. Hamblin Smith, M.A. 

i2mo. y. 6d. 
{See Specimen Page 9 No. 4.) 

A Key to Arithmetic. 

Crown 8vo. \In preparation. 

Elements of Geometry. 

By J. Hamblin Smith, M.A. 

i2mo. $s. 6d. 

Containing Books I to 6, and portions of Books 1 1 and 12, of 
Euclid, with Exercises and Notes, arranged with the Abbreviations 
admitted in the Cambridge Examinations. 

Part I., containing Books I and 2 of Euclid, limp cloth, is. 6d., may 
be had separately. 
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RIVINGTONS MATHEMATICAL AE^/ff^-continued. 

Geometrical Conic Sections. 

By G. Richardson, M.A., Assistant-Master at Winchester College, 
and late Fellow of St. Johris College, Cambridge. 

• Crown 8vo. 4J. 6d. 

Trigonometry. 

By J. Hamblin Smith, M.A. 

i2mo. 4/. 6d. 

Elementary Statics. 

By J. Hamblin Smith, M.A. 

i2mo. 3/. 

Elementary Hydrostatics. 

By J. Hamblin Smith, M.A. 

I2mo. $r. 

Book of Enunciations 

for Hamblin Smith's Geometry, Algebra, Trigonometry, 
Statics, and Hydrostatics. 

i2mo. is. 



Arithmetic, Theoretical and Practical. 

By W. H. Girdlestone, M.A., of Christs College, Cambridge, 
Principal of the Theological College, Gloucester. 

New Edition. Crown 8vo. dr. 6d. 
Also a School Edition. Small 8vo. 3j. 6d. 

A rithmetic for the Use of Schools. 

With a numerous Collection of Examples. 

By R. D. Beasley, M.A., Head-Master of Grantham Grammar 

School. 

i2mo. $s. 
The Examples separately : — Part I. Sd. Part II. is. 6d. 
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SCIENCE 

Preparing for Publication, 

SCIENCE CLASS-BOOKS 

Edited by 
The Rev. ARTHUR RIGG, M.A., 

LATB PRINCIPAL OF THE COLLEGE, CHESTER. 

These Volumes are designed expressly for School use, and by 
their especial reference to the requirements of a School Class-Book, 
aim at making Science-teaching a subject for regular and methodical 
study in Public and Private Schools* 

An Elementary Class-Book on Sound. 

By George Carey Foster, B.A., F.R.S., Fellow of and Professor 
of Physics in, University College, London, 

An Elementary Class-Book on Electricity. 

By George Carey Foster, B.A., F.R.S., Fellow of, and Professor 
of Physics in, University College, London. 

Botany for Class-Teaching. 

With Exercises for Private Work. 

By F. E. Kitchener, M.A., F.L.S., Assistant- Master at Rugby 
School, and late Fellow of Trinity College, Cambridge. 

Astronomy for Class-Teaching. 

With Exercises for Private Work. 

By Wallis Hay Laverty, M.A., late Fellow of Queen's College, 
Oxford, 

The knowledge of Mathematics assumed will be Euclid, Books I.-VI., and Quadratic 
Equations. 

Other Works are in preparation, 
LONDON, OXFORD, AND CAMBRIDGE. 
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A Years Botany. 



Adapted to Home and School Use. 
By Frances Anna Kitchener. 

Illustrated by the Author. Crown 8vo. 5-f. 
(See Specimen Page, No. 5.) 
Contents. 
General Description of Flowers — Flowers with Simple Pistils — Flowers with Com- 
pound Pistils — Flowers with Apocarpous Fruits — Flowers with Syncarpous Fruits— 
Stamens and Morphology of Branches — Fertilisation — Seeds— Early Growth and Food 
of Plants— Wood, Stems, and Roots — Leaves — Classification— Umbel lates, Composites, 
Spurges, and Pines— Some Monocotyledonous Families — Orchids — Appendix of Technical 
Terms — Index . 

In almost all cases the illustrations are drawn from nature, and have never been made 
diagrammatic, except when absolutely necessary, because the tendency of diagrammatic 
drawings is to make the reader satisfied with them, without verifying each point in 
the flowers themselves. 

In the Appendix the wants of students preparing for the University Local Examina- 
tions are kept in view. 

"A very clear and readable handbook "This little book we have carefully read, 

of botany, which is equally adapted for and we can commend it to the careful atten- 

personal use and class teaching. The tion of all who are interested in the subject, 

author has avoided technical terms as much It is evidently a book written by one who 

as possible* so that her work may be studied thoroughly understands her subject." 

-without difficulty by a beginner." — Satur- Popular Science Review, 

day Review. "That Mrs. Kitchener has in this little 

" We know of no book which we could book struck out a new and useful idea in 

more safely and confidently place in the connection with the reading of Botany, and 

bands of young people as their first guide that she has carried it out remarkably well, 

to a knowledge of Botany."— Nature. there can be no doubt." — Westminster 

Review. 

An Easy Introduction to Chemistry. 

For the use of Schools. 

Edited by the Rev. Arthur RlGG, M.A., late Principal of The Col- 
lege, Chester, and Walter T. Goolden, B.A., late Science Scholar 
of Merton College, Oxford. 

New Edition, considerably altered and revised. 

With Illustrations. Crown 8vo. 2S. 6*/. 

(See Specimen Page, No. 6.) 

" We seldom come across a work of good, and the directions how to use them 

such simplicity in chemistry as this. It intelligible to a very young reader." 

ought to be in the hands of every student Edinburgh C our ant. 

of chemistry." — Chemical Review. "I am much pleased with Mr. Rigg's 

"There are a simplicity and a clearness little book, which enables me to give my 

In the description and explanations given children lessons in chemistry. Even the 

in this little volume which certainly com- youngest are asking questions about the 

mend it to the attention of the young." illustrations. The work supplies a want 

Athenaum. which has been long felt, and I hope it will 

" The information is clearly conveyed, have an extensive sale." — IV. Severn, 

and the illustrations as neatly and prettily Esq., one of H.M. Inspectors of Schools. 

executed as possible." — Educational " It would be difficult to name a work 

Times. more calculated to foster a taste for the 

"... The style is exceedingly simple, study of Chemistry in the minds of the 

and the teaching, is precise and dear. The young." — Chemical News. 
illustrations of chemical apparatns are 
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LATIN 

Elementary Rules of Latin Pronun- 
ciation. 

Especially drawn up for use in Schools. 

By Arthur Holmes, M.A., Senior Fellow and Dean of Clare 
College, Cambridge, and late Preacher at the Chapel Royal, Whitehall, 
Editor of " Catena Classicorum" 

Crown 8vo. On a card, gd. 

Outlines of Latin Sentence Construc- 
tion. 

By E. D. MANSFIELD, B.A., Assistant- Master at Clifton College. 

Demy 8vo. On a card, ij. 

Easy Exercises in Latin Prose. 

With Notes. 
By Charles Bigg, M. A., Principal of Brighton College. 
Small 8vo. is. qd. ; sewed, gd. 

Latin Prose Exercises. 

For Beginners, and Junior Forms of Schools. 

By R. Prowde Smith, B.A., Assist.-Master at Cheltenham College. 

[This Book can be used with or without the Public School Latin 
Primer.] New Edition. Crown 8vo. 2s. 6d. 



«« * 



This is certainly an improvement on 
he grammar-school method, and may be a 
step in the way of teaching English before 
Latin." — Examiner. 

" The plan upon which these exercises 
are founded is decidedly a good one, and 
none the less so that it is a very simple 
one." — Educational Times. 

"This book differs from others of the 
same class in containing lessons in English 



to assist beginners in doing the Latin exer- 
cises. We quite agree with Mr. Smith as 
to the necessity of some knowledge of 
English and the principles of Grammar, 
as a qualification for writing Latin Prose 
correctly. His explanation of the more 
difficult constructions and idioms is very 
distinct, and altogether the book is highly 
satisfactory." — A thenaum. 
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Henry s First Latin Book. 

By Thomas Kerchever Arnold, M.A. 

Twenty-second Edition. J2mo. 3*. Tutor's Key, is. 
Recommended in the Guide to the Choice of Classical Books by J. B. 
Mayor, M.A., Professor of Classical Literature at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 

A Practical Introduction to Latin 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Sixteenth Edition. 8vo. 6s. 6d. Tutor's Key, is. 6d. 

Cornelius Nepos. 

With Critical Questions and Answers, and an Imitative Exercise 
on each Chapter. 

By Thomas Kerchever Arnold, M.A. 

Fifth Edition. i2mo. 4*. 

A First Verse Book. 

Being an Easy Introduction to the Mechanism of the Latin Hexa- 
meter and Pentameter. 

By Thomas Kerchever Arnold, M. A. 

Eleventh Edition. i2mo. 2\r. Tutor's Key, is. 

Progressive Exercises in Latin 

Elegiac Verse. 

By C. G. Gepp, B. A., late Junior Student of Christ Church, Oxford; 
Head- Master of the College, Stratford-on-Avon. 

Third Edition, Revised. Crown 8vo. 3^. 6d. Tutor's Key, $s. 

Recommended in the Guide to the Choice of Classical Books by J. B. 
Mayor, M.A., Professor of Classical Literature at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 

Selections from Livy, Books VIII. 
and ix. 

With Notes and Map. 

By E. Calvert, LL.D., St. John's College, Cambridge; and 
R. S award, M.A., Fellow of St. Johris College, Cambridge ; Assistant- 
Master in Shrewsbury School. 

Small 8vo. 2s. 
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New Edition, re-arranged, with fresh Pieces and additional References. 

Materials' and Models for Latin 

Prose Composition. 

Selected and arranged by J. Y. Sargent, M.A., Fellow and Tutor 
of Magdalen College, Oxford; and T. F. Dallin, M.A., Tutor, hie 
Fellow, of Queen's College, Oxford. 

Crown 8vo. 6s. 6d. 
(See Specimen Page, No. 7.) 

It having been determined to work out in greater detail in this Second 
Edition the principles on which the First Edition of Materials and Models 
was constructed, the whole work has been re-arranged and enlarged, and 
for the future will be published in two separate volumes, one for Latin, and 
one for Greek Prose Compositions, instead of combining both parts in the 
same volume. 

Each passage has been furnished with a heading. The Editors have 
re-arranged the pieces under additional subordinate heads, grouping to- 
gether those passages which are cognate in matter or form. Thus, under 
Historical are ranged Sieges, Battles, &c, &c. ; under Philosophical 
Literary Criticism, Ethics, Speculations on God, a Future State, &c. ; 
while Characters have been placed in a section by themselves. This 
grouping will facilitate reference, but another feature has been added of 
•more importance still, viz. reference to subjects ; for in addition to the 
particular reference at the end of each piece, a group of references has been 
prefixed to each separate section, so that the student having selected a sub- 
ject or passage of a certain kind, say a sea-fight, to translate or treat as an 
original theme, may be able to refer at once to those passages in the best 
Classical Authors where sea-fights are described ; or U* he wishes to write 
a character he may be enabled to see at a glance where the typical charac- 
ters of classical antiquity are to be found. 

In this new Edition the old references have been verified and fresh 
ones added ; new pieces of English have been inserted, or in some cases 
substituted for the old ones. 

Latin Version of (60) Selected Pieces 

from Materials and Models. 

By J. Y. Sargent, M.A. . 

Crown 8vo. 5j. 
May be had by Tutors only, on direct application to the Publishers. 



Eclogce Ovidiance. 



From the Elegiac Poems. With English Notes. 
By Thomas Kerchever Arnold, M.A. 

Thirteenth Edition. i2mo. 2s. 6d. 
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Classical Examination Papers. 

Edited, with Notes and References, by P. T. F. GANTILLON, M.A., 
Classical Master in Cheltenham College. 

Crown 8vo. 7*. 6d. 
Ox interleaved with writing-paper, half-bound, iar. 6</. 

Terenti Comoediae. 

Edited by T. L. Papillon, M.A., Fellow of New College, and lat 
Fellow of Merlon, Oxford. 
Andria et Eunuchus. 

Crown 8vo. 4s. 6d. 
Forming a Part of the " Catena Classicorum." 

yuvenalis Satirae. 

Edited by G. A. Simcox, M. A., late Fellow and Classica. Lecturer 
Queen* s College, Oxford. 
Thirteen Satires. 

Second Edition, enlarged and revised. Crown 8vo. $s. 
Forming a Part of the ** Catena Classicorum." 

Persii Satirae. 

Edited by A. Pretor, M.A., of Trinity College, Cambridge, Classical 
Lecturer of Trinity Hall, Composition Lecturer of the Perse Grammar 
School, Cambridge. 

Crown 8vo. 3*. 6d. 
Forming a Part of the " Catena Classicorum.* 9 

Horati Opera. 

By J. M. Marshall, M.A., Under-Master in Dulwich College. 
Vol. I. — The Odes, Carmen Seculare, and Epodes. 

Crown 8vo. *js. 6d. 
Forming a Part of the" Catena Classicorum" 



Taciti Historiae. 



Edited by W. H. Simcox, M.A., Fellow and Lecturer of Queen* s 
College, Oxford. 

Crown 8vo. [In the Press. 

Forming a Part of the" Catena Classicorum** 
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GREEK 

An Introduction to Greek Prose 

Composition. 

By Arthur Sidgwick, M.A., Assistant-Master at Rugby School, 
and formerly Fellow of Trinity College, Cambridge, 

[In preparation. 

A Table of Irregular Greek Verbs. 

Classified according to the arrangement of Curtius's Greek Grammar. 

By Francis Storr, B.A., Assistant-Master in Marlborough College, 
late Scholar of Trinity College, Cambridge, and Bell University Scholar. 

On a Card. is. 

Elements of Greek Accidence. 

By Evelyn Abbott, M.A., Lecturer in Balliol College, Oxford, 
and late Assistant-Master in Clifton College. 

Crown 8vo. 4-r. 6dr 

" This is an excellent book. The com- the late Dr. Donaldson — a most excellent 

pilers of elementary Greek Grammars have volume for the time at which it was pub- 

not before, so far as we are aware, made lished — will show how considerable the 

full use of die results obtained by the advance has been; while a comparison 

labours of philologists during the last with the works in ordinary use, which have 

twenty-five years. Mr. Abbott's great never attained, any thing like die standard 

merit is that he has ; and a comparison reached by Dr. Donaldson, will really sur- 

between his book and the Rudiment* of prise the teacher/' — Atkemeum. 

Selections from Lucian. 

With English Notes. 

By Evelyn Abbott, M.A., Lecturer in Balliol College, Oxford, 
and late Assistant-Master in Clifton College. 

Small 8vo. 3J. 6d. 

A lexander the Great in the Punjaub. 

Adapted from Arrian, Book V. 

An easy Greek Reading Book, with Notes at the end and a Map. 

By the Rev. Charles E. Moberly, M.A., Assistant-Master in 
Rugby School, and formerly Scholar of Balliol College, Oxford. 

Small 8vo. 2s. 
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Stories from Herodotus. 

The Tales of Rhampsinitus and Polycrates, and the Battle of Mara- 
thon and the Alcmaeonidae. In Attic Greek. 

Adapted for use in Schools, by J. Surtees Phillpotts, M.A., Head 
Master of Bedford School; formerly Fellow of New College, Oxford. 

Crown 8vo. is. 6d. 

lophon: an Introduction to the Art 

of Writing Greek Iambic Verses. 

By the Writer of " Nuces " and " Lucretilis." 

Crown 8vo. 2s. 
In use at Eton College. 

Recommended in the Guide to the Choice of Classical Books, by J. BL 
Mayor, M.A., Professor of Classical Literature at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 

The First Greek Book. 

% 

On the plan of Henry* s First Latin Book. 
By Thomas Kerchever Arnold, M.A. 

Sixth Edition. i2mo. $s. Tutor's Key, is. 6d. 

A Practical Introduction to Greek 

Accidence. 

By Thomas Kerchever Arnold, M-.A. 
Ninth Edition. 8vo. 5*. 6d. 

A Practical Introduction to Greek 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Twelfth Edition. 8vo. 5* 6d. Tutor's Key, is. 6d. 

Madvigs Syntax of the Greek Lan- 
guage , especially of the Attic Dialect. 

For the use of Schools* 
Edited by Thomas Kerchever Arnold, M.A. 
New Edition. Imperial i6mo. Ss. 6d. 
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SCENES FROM GREEK PL A YS 

RUGBY EDITION 

Abridged and adapted for the use of Schools, by 

ARTHUR SIDGWICK, M.A., 

ASSISTANT-MASTER AT RUGBY SCHOOL, AND FORMERLY FELLOW OF 
TRINITY COLLEGE, CAMBRIDGE. 

Small 8vo. is. 6d. each. 

A ristophanes. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTUS. 

es. 

IPHfGENIA IN TAURIS. THE CYCLOPS. ION* 
ELECTRA. ALCESTIS. BACCH^E. HECUBA. 
Recommended in the Guide to the Choice of Classical Books, by J. B. 

Mayor, M.A., Professor of Classical Literature at King's College, late 

Fellow and Tutor of St. John's College, Cambridge. 

carefully and judiciously edited, and form 
the most valuable aid to the study of the ele- 
ments of Greek that we have seen for many 




"• Mr. Sidgwick has put on the title-pages 
of these modest little volumes the words 
'Rugby Edition/ but we shall be much 
mistaken if they do not find a far wider 
circulation. The prefaces or introductions 
which Mr. Sidgwick has prefixed to his 
' Scenes ' tell the youthful student all that 
he need know about the play that he is 
taking in hand, and the parts chosen are 
those which give the general scope and 
drift of the action of the play."— School 
Board Chronicle. 

" Each play is printed separately, on 

5ood paper, and in a neat and handy form, 
'he difficult passages are explained by the 
notes appended, which are of a particularly 
useful and intelligible kind. In all respects 
this edition presents a very pleasing con- 
trast to the German editions hitherto in 
general use, with their Latin explanatory 
notes — themselves often requiring explana- 
tion. A new feature in this edition, which 
deserves mention, is the insertion in English 
of the stage directions. By means of them 
and the argument prefixed, the study of the 
play is much simplified."— Scotsman. 

" A short preface explains the action of 
the play in each case, and there are a few 
notes at the end which will clear up most 
of the difficulties likely to be met with by 
the young student." — Educational Times. 
" Just the book to be put into the hands of 
boys who are reading Greek plays. They are 



a day. The Grammatical Indices are espe- 
cially to be commended." — Athenaeum. 

" These editions afford exactly the kind 
of help that school-boys require, and are 
really excellent class-books. The notes, 
though very brief, are of much use and 
always to the point, and the arguments and 
arrangement of the text are equally good 
in their way." — Standard. 

*' Not professing to give whole dramas, 
with their customary admixture of iambics, 
trochaics, and choral odes, as pabulum for 
learners who can barely digest the level 
speeches and dialogues commonly confined 
to the first-named metre, he has arranged 
extracted scenes with much tact and skill, 
and set them before the pupil with all need- 
ful information in the shape of notes at the 
end of the book ; besides which he has added 
a somewhat novel, but highly commendable 
and valuable feature — namely, appropriate 
headings to the commencement of each 
scene, and appropriate stage directions dur- 
ing its progress." — Saturday Review. 
' These are attractive little books, novel 

in design and admirable in execution 

It would hardly be possible to find a better 
introduction to Aristophanes for a young 
student than these little books afford." 

London Quarterly Review . 
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Homer for Beginners. 

Iliad, Books I. — III. With English Notes. 
By Thomas Kerchever Arnold, M.A. 

Fourth Edition. i2mo. 3*. 6d. 

The Iliad of Homer. 

From the Text of Dindorf. With Preface and Notes. 

By S. H. Reynolds, M.A., Fellow and Tutor of Brasenose College, 
Oxford, 

Books I. — XII. Crown 8vo. 6s. 

Forming a Part of the " Catena Classieorum." 

The Iliad of Homer. 

With English Notes and Grammatical References. 
By Thomas Kerchever Arnold, M. A. 

Fifth Edition. l2mo. Half-bound, 12/. 

A Complete Greek and English 

Lexicon for the Poems of Homer and 
the Homeridce. 

By G. Ch. Crusius. Translated from the German. Edited by 
T. K. Arnold, M.A. 

New Edition. i2mo. gs. 

In the Press, New Edition, re-arranged, with fresh Pieces and additional 

References. 

Materials and Models for Greek 

Prose Composition. 

Selected and arranged by J. Y. Sargent, M. A., Fellow and Tutor 
of Magdalen College, Oxford; and T. F. Dallin, M.A., Tutor, late 
Fellow of Queen's College, Oxford. 

Crown 8vo. 

{See Page 16.) 

Greek Version of Selected Pieces from 

Materials and Models. 

By J. Y. Sargent, M.A. 

Crown 8vo. *js. 6d. 
[May be had by Tutors only, on direct application to the Publishers.] 
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Classical Examination Papers. 

Edited, with Notes and References, by P. J. F. Gantillon, M.A., 
sometime Scholar of St. John*s College, Cambridge; Classical Master 
at Cheltenham College. 

Crown 8vo. *js, 6d. 
Or interleaved with writing-paper, half-bound, I or. 6d. 
Recommended in the Guide to the Choice of Classical Books, by J. B. 
Mayor, M.A., Professor of Classical Literature at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 

Demosthenes. 

Edited, with English Notes and Grammatical References, by Thomas 
Kerchkver Arnold, M.A. 

i2mo. 

OLYNTHIAC ORATIONS. Third Edition, y. 
PHILIPPIC ORATIONS. Third Edition. 4s. 
ORATION ON THE CROWN. Second Edition. 4s. 6d. 

Demosthenis Orationes Privatae. 

Edited by ARTHUR Holmes, M.A., Senior Fellow and Dean of 
Clare College, Cambridge, and late Preacher at the Chanel Royal, 
Whitehall. 

Crown 8vo. 
DE CORONA. 5«r. 

Forming a Part of the ** Catena Classicorum." 

Demosthenis Orationes Publicae. 

Edited by Q. H. Heslop, M.A., late Fellow and Assistant-Tutor of 
Queen's College, Oxford; Head- Master of St. Bees. 

Crown 8vo. 

OLYNTHIAC S, 2s. 6</. 1 . ~ vi . <u 

PHILIPPICS, is. ) or » m 0ne VoW ' 4* M- 

DE FALSA LEGATIONE, 6s. 

Forming Parts of the $t Catena Classicorum" 

Isocraiis Orationes. 

Edited by John Edwin Sandys, M.A., Fellow and Tutor of 
St. John's College, Cambridge. 

Crown 8vo. 
AD DEMONICUM ET PANEGYRICUS. 4* 6d. 
Forming a Part of the u Catena Classicorum, n 

LONDON, OXFORD, AND CAMBRIDGE. 



.] • EDUCATIONAL LIST. 23 



The Greek Testament. 

With a Critically Revised Text ; a Digest of Various Readings ; 
Marginal References to Verbal and Idiomatic Usage ; Prolegomena ; 
and a Critical and Exegetical Commentary. For the use of Theo- 
logical Students and Ministers. 

By Henry Alford, D.D., late Dean of Canterbury. 

New Edition. 4 vols. 8vo. 102/. 

The Volumes are sold separately, as follows : 
Vol. I.— The Four Gospels. 2%s. 
Vol. II. — Acts to 2 Corinthians. 24*. 
Vol. IIL — Galatians to Philemon, i&r. 
VoL IV. — Hebrews to Revelation. 321. 

The Greek Testament 

With Notes, Introductions, and Index. 

By Chr. Wordsworth, D.D., Bishop 9/ Lincoln; formerly Canon 
of Westminster > and Archdeacon. 

New Edition. 2 vols. ImpL 8vo. 6or. 

The Parts may be had separately, as follows : — 
The Gospels. io>. 
The Acts. Ss. 
St Paul's Epistles. 23J. 
General Epistles, Revelation, and Index. i6>. 

An Introduction to Aristotle s Ethics. 

Books I. — IV. (Book X., c. vi, — ix. in an Appendix). With a Con- 
tinuous Analysis and Notes. Intended for the use of Beginners and 
Junior Students. 

By the Rev. Edward Moore, B.D., Principal ofS. Edmund Hall, 

and late Fellow and Tutor of Queen's College, Oxford. 

Crown 8vo. ior. 6d. 

Aristotelis Ethica Nicomachea. 

Edidit, emendavit, crebrisque locis parallelis e libro ipso, aliisque 
ejusdem Auctoris scriptis, illustravit Jacobus E. T. Rogers, A.M. 
Small 8vo. 4/. 6d. Interleaved with writing-paper, half-bound, dr. 
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Sophocles. 



With English Notes from Schneidewin. 

Edited by T. K. Arnold, M.A., Archdeacon Paul, am/ Henry 
Browne, M.A, 

i2mo. 

Ajax. y. Philoctetes. y. CEdipus Tyrannus. 41. CEdipus 

Coloneus. 4*. Antigone. 4s. 

Sophoclis Tragoediae. 

Edited by R. C. Jebb, M.A., Fellow and Assistant- Tutor of Trinity 
College, Cambridge, and Public Orator of the University* 

Crown 8vo. 

Electra. Second Edition, revised. 3J, 6d. 
Ajax. 3/. 6d. 

Forming Farts of the "Catena Classicorum" 

Aristophanis Comoediae. 

Edited by W. C. Green, M.A., late Fellow of King's Cotlqe, 
Cambridge ; Assistant- Master at Rugby School. 

Crown 8vo. 

The Acharnians and The Knights. 4/. 
The Clouds. 3s. 6d. 
The Wasps. $s. 6d. 

An Edition of " The Acharnians and The Knights," revised 
and especially prepared for Schools. 4s. 

Forming Parts of the "Catena Classicorum." 



Herodoti Hisioria. 



Edited by H. G. Woods, M. A., Fellow and Tutor of Trinity College, 

Oxford. 

Crown 8vo. 

Book I. 6s. Book II. $s. 
Forming Parts of the "Catena Classicorum" 
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A Copious Phraseological English- 
Greek Lexicon. 

Founded on a work prepared by J. W. Fradersdorff, Ph-D., late 
Professor of Modern Languages, Queen* s College, Belfast, 
» Revised, Enlarged, and Improved by the late Thomas Kbrchever 

. Arnold, M.A., and Henry Browne, M. A. 

Fourth Edition. 8vo. 21s. 

Thucydidis His tor ia. Books I. and II. 

Edited by Charles Bigg, M.A., late Senior Student and Tutor of 
Christ Church, Oxford; Principal of Brighton College. 

Crown 8vo. 6j. 

Thucydidis Historia. Books III. and IV. 

Edited by G. A. Simcox, M.A., Fellow of Queen's College, Oxford. 

Crown 8vo. [Nearly ready. 

Forming Parts of the "Catena Classicorum" 
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CATENA CLASSICORUM 

A SERIES OF 

CLASSICAL AUTHORS, 

Edited by Members of both Universities, under the direction of the Rev. 
Arthur Holmes, M.A., Senior Fellow and Dean of Clare College, 
Cambridge, and late Preacher at the Chapel Royal, Whitehall ; 

and 

The Rev. Charles BiGG, M.A., late Senior Student and Tutor of Christ 
Church, Oxford', Principal of Brighton College. 

Crown 8vo. 



Sophoclis Tragoediae. 



Edited by R. C. Tebb, M.A., Fellow and Tutor of Trinity College, 
Cambridge, and Public Orator of the University. 
THE ELECTRA. y. 6d. THE AJAX. &. 6d. 



yuvenalis Satirae. 



By G. A. Simcox, M.A., Fellow and late Classical Lecturer of 
Queen's College, Oxford. 

New Edition, revised and enlarged, 5*. 

Thucydidis Historic/,.— Books I. & II. 

By Charles Bigg, M. A., late Senior Student and Tutor of Christ 
Church, Oxford; Principal of Brighton College. 6s. 

Thucydidis Historia. — Books III. 
and IV. 

By G. A. Simcox, M. A, Fellow of Queen's College, Oxford. 

[Nearly ready. 

Demosthenis Orationes Publicae. 

By G. H. Heslop, M.A., late Fellow and Assistant-Tutor of Queen' 's 
College, Oxford; Head- Master of St. Bees. • 

THE OLYNTHIACS. 2s. 6d. \ • ^ , r , , . 

THE PHILIPPICS. 3*. \ ° r » m ° ne Volume ' «* " 

DE FALSA LEGATIONE. 6s. 

Demosthenis Orationes Privatae. 

By Arthur Holmes, M.A., Senior Fellow and Dean of Clare 
College, Cambridge, and late Preacher at the Chapel Royal, Whitehall. 
DE CORONA. 5j. 
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CATENA CLASSIC0RC7M— continued. 

Aristophanis Comoediae. 

By W. C. Green, M.A., late Fellow of Kings College, Cambridge ; 
Assistant' Master at Rugby School. 
THE ACHARNIANS AND THE KNIGHTS, as. 
THE WASPS. 35. 6d. THE CLOUDS, y. 6d. 

An Edition of The Acharnians and the Knights, revised and 
especially adapted for use in Schools. 4s. 



Isocratis Orationes. 



By John Edwin Sandys, M.A., Fellow and Tutor of St. ybnn*s 
College, Classical Lecturer at yesus College, Cambridge. 
AD DEMONICUM ET PANEGYRICUS. 4f. 6d. 



Persii Satirae. 



By A. Pretor, M. A., Fellow of St. Catherine's College, Cambridge ; 
Classical Lecturer of Trinity Hall. 

y. 6d. 



Homer i I lias. 



By S. H. Reynolds, M.A., late Fellow and Tutor of Brasenose 
College, Oxford. 

BOOKS L TO XII. 6s. 



Terenti Comoediae. 



By T. L. Papillon, M.A., Fellow of New College, Oxford \ late 
Fellow of Merton. 

ANDRIA ET EUNUCHUS. 41. 6d. 



Herodoti Historia. 



By H. G. Woods, M. A., Fellow and Tutor of Trinity College, Oxford. 
BOOK I., 6s. BOOK II., 5* 



Horati Opera. 



By J. M. Marshall, M.A., Under-Master of Dulwieh College, late 
Fellow and Lecturer of Brasenose College, Oxford. 

VOL. I. — THE ODES, CARMEN SECULARE, AND 
EPODES. 7s. 6d. 

Taciti Historiae. 

By W. H. Simcox, M.A., Fellow of Queen's College, Oxford. 

[In the press. 
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DIVINITY 

Ma?iuals of Religious Instruction. 

Edited by John Pilkington Norris, M.A., Canon of Bristol^ 
Church Inspector of Training Colleges, 

The Old Testament 
The New Testament 
The Prayer Book. 

Each Book in Five Parts. Small 8vo. is. each Part 
Or in Three Volumes. 3-f. 6d. each. 

These Manuals are intended to supply a need of which all who have examined Pupil 
Teachers in Religious Knowledge must be aware. They are a response to very many 
applications which the Editor has received on the subject. Their scheme was framed 
after a careful comparison of the courses of religious instruction put forth in several 
dioceses in the last two years. 

It will be seen that three text-books are provided for each of the five years of pupil- 
teachership — 

One on the Old Testament ; 

One on the New Testament ; 

One on the Catechism and Liturgy 

In preparing the Manual on the Catechism and Liturgy, the Editor — guided in this by 
the Bishop of Lincoln's very complete syllabus for the Pupil Teachers of the Lincoln 
Diocese — thought it best to spread the study of the Catechism over several years, rather 
than compress it into one. This may give rise to what may appear some needless repeti- 
tion* But the Lessons of our Catechism are of such paramount importance, that it seems 
desirable to keep it continually in our Pupil Teachers' hands, as the best key to the study 
of die Prayer Book. 

There has been a grievous want of defimte$tess in our Pupil Teachers' knowledge 
of Church doctrine. Nearly all the Diocesan Inspectors have noticed it. It has arisen, 
doubtless, from their Teachers assuming that they had clear elementary ideas about 
religion, in which really they had never been grounded. It is therefore thought not too 
much to ask them to give one third of their time to the study of the Prayer Book. 

In the Old Testament and New Testament Manuals the greatest pains have been taken 
to give them such a character as shall render it impossible for them to supersede the 
Sacred Text. Two main objects the writers of the Old and New Testament Manuals 
have^ proposed to themselves; first, to stimulate interest; second, to supply a sort of 
running commentary o* the inspired page. Especial pains have been taken to draw the 
Pupil Teacher's attention to the spiritual teaching of Holy Scripture, and to subordinate 
to this the merely historical interest. 

The writer of the Old Testament Manual has made it his endeavour— in this also 
following the excellent suggestions of the Bishop of Lincoln's letter to his Diocesan 
Inspectors— to help the reader to see our Lord Christ in Law, in Psalms, in Prophets. 

The New Testament Manual is confined to the Gospels and Acts. It was found 
impossibfe to include any of the Epistles. And all who are charged with the instruction 
of Pupil Teachers seemed to deprecate it. 

Although they were prepared with special regard to Pupil Teachers they may be found 
adapted also for all students of a like age (from thirteen to eighteen) who have not access 
to many books. 
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A Catechism for Young Children, 

Preparatory to the Use of the Church 
Catechism. 

By John Pilkington Norris, M.A., Canon of Bristol. 

Small 8vo. 2d. 

A Companion to the Old Testament. 

Being a plain Commentary on Scripture History down to the Birth 
of our Lord, 

Small 8vo. 3*. 6d. 

Also in Tkvo Parts : 

Part I.— The Creation of the World to the Reign of Saul. 
Part IL— The Reign of Saul to the Birth of Our Lord. 

Small 8vo. 2x. each. 

[Especially adapted for use in Training Colleges and Schools.] 

" A very compact summary of the Old meats. It will be found very useful for 
Testament narrative, put together so as to its purpose. It does not confine itself to 
explain the connection and bearing of its merely chronological difficulties, but corn- 
contents, and written in a very good tone ; ments freely upon the religious bearing of 
with a final chapter on the history of the the text also."— Guardian. 
Jews between the Old and New Testa- 

A Companion to the New Testament. 

Small 8vo. [In the Press. 

The Yotmg Churchman s Companion 

to the Prayer-Book. 

Part I. — Morning and Evening Prayer and Litany. 

By the Rev. J. W. Gedge, M.A., Diocesan Inspector 0/ Schools for 
the Archdeaconry of Surrey. 

Recommended by the late Lord Bishop of Winchester. 
i8mo. 1 J"., or in Paper Cover, 6d. 
Part II. — Baptismal and Confirmation Services. {Nearly ready. 

A Manual of Confirmation. 

With a Pastoral Letter instructing Catechumens how to prepare them- 
selves for their First Communion. 
By Edward Meyrick Goulburn, D.D., Dean of Norwich. 
Ninth Edition. Small 8vo. is. 6d. 



LONDON, OXFORD, AND CAMBRIDGE. 



y> 



MESSRS. RIVINGTONS [DIVINITY. 



The Way of Life. 



A Book of Prayers and Instruction for the Young at School. With 
a Preparation for Holy Communion. 

Compiled by a Priest Edited by the Rev. T. T. Carter, M.A., 
Rector of C lower, Berks. 

l6mo, is. 6d. 



The Lord's Supper. 



By Thomas Wilson, D.D., lot* Lord Bishop afSodor and Man. 
Complete Edition, with red borders, i6mo. is. 6d. 
Also a Cheap Edition, without red borders, ix. ; or in paper cover, 6d. 

Household Theology. 

A Handbook of Religious Information respecting the Holy Bible, the 
Prayer Book, the Church, the Ministry, Divine Worship, the Creeds, 
&c, &c 

By the Rev. John Henry Blunt, M.A. 

New Edition. Small 8vo. £f. 6d. 

Keys to Christian Knowledge. 

Small 8vo. is. 6d. .each. 

" Will be very useful for the higher classes 
in Sunday schools, or rather for the fuller 
instruction of the Sunday-school teachers 
themselves, where the parish Priest is wise 
enough to devote a certain time regularly 
to their preparation for their voluntary 
task. "—-"A*** Reznew. 



««, 



Of cheap and reliable text-books of this 
nature there has hitherto been a great want. 
We are often asked to recommend books 
for use in Church Sunday schools, and we 
therefore take this opportunity of saying 
that we know of none more likely to be of 
service both to teachers and scholars than 
these Keys." — Churchman* s Shilling 
Magazine. 



By J. H. Blunt, M.A., Editor of the Annotated Book of Common Prayer. 

The Holy Bible. 
The Book of Common Prayer. 
The Church Catechism. 
Church History, Ancient. 
Church History, Modern. 

By JOHN Pilkinoton Norms, M. A., Canon of Bristol. 

The Four Gospels. 

The Acts of the Apostles. 
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MISCELLANEOUS 

The Campaigns of Napoleon. 

The Text (in French) from M. Thiers' " Histoire du Consulat et 
de P Empire" and "Histoire de la Revolution Frangaise." Edited, with 
English Notes, for the use of Schools, by Edward E. Bowen, M.A., 
Master of the Modern Side, Harrow School. 

With Maps. Crown 8vo. 4/. 6d. each. 

ARCOLA. MARENGO. 

[Now Ready. 
JENA. WATERLOO. 

[In the Press. 

Selections from Modern French 
Authors. 

Edited, with English Notes and Introductory Notice, by Henri Van 
Laun, Translator of Tainis History of English Literature. 

Crown 8vo. $s. 6d. each. 

HONORE DE BALZAC. H. A. TAINE. 

The First French Book. 

By T. K. Arnold, M.A. 

Sixth Edition. i2mo. 5/. 6d> Key, 2s. 6d. 

The First German Book. 

By T. K. Arnold, M. A., and J. W. Fradersdorff, Ph.D. 
Seventh Edition. i2mo. 5/. 6d. Key, 2s. 6d. 

The First Hebrew Book. 

By T. K. Arnold, M.A. 

Fourth Edition. i2mo. *js. 6d. Key, 3* 6d. 

The Choristers Guide. 

By W. A. Barrett, Mus. Bac., Oxon, of St. Paufs Cathedral, 
Author of "Flowers and Festivals." 

Second Edition. Square i6mo. 2s. 6d. 
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6 THOMSON'S SEASONS 

Now, while the drowsy world lies lost in sleep, 
Let me associate with the serious night, 
And contemplation, her sedate compeer ; 
Let me shake off the intrusive cares of day, 
And lay the meddling senses all aside. 

Where now, ye lying vanities of life ! 
Ye ever-tempting, ever-cheating train ! 210 

Where are you now ? and what is your amount ? 
Vexation, disappointment, and remorse : 
Sad, sickening thought ! and yet deluded man, 
A scene of crude disjointed visions past. 
And broken slumbers, rises still resolved, 
With new-flushed hopes, to run the giddy round. 

Father of light ana life ! thou Good Supreme ! 
O teach me what is good ; teach me Thyself! 
Save me from folly, vanity, and vice, 
From every low pursuit ; and feed my soul 220 

With knowledge, conscious peace, and virtue pure — 
Sacred, substantial, never-fading bliss ! 

The keener tempests come ; and fuming dun 
From all the livid east, or piercing north, 
Thick clouds ascend ; in whose capacious womb 
A vapoury deluge lies, to snow congealed. 
Heavy they roll their fleecy world along : 
And the sky saddens with the gathered storm. 
Through the hushed air the whitening shower descends, 
At first thin-wavering ; till at last the flakes 230 

Fall broad, and wide, and fast, dimming the day 
With a continual flow. The cherished fields 
Put on their winter robe of purest white. 
Tis brightness all ; save where the new snow melts 
Along the mazy current Low, the woods 
Bow their hoar head ; and, ere the languid sun, 
Faint from the west, emits his evening ray, 
Earth's universal face, deep-hid and chill, 
Is one wild dazzling waste, that buries wide 
The works of man. Drooping, the labourer-ox 240 

Stands covered o'er with snow, and then demands 
The fruit of all his toil. The fowls of heaven, 
Tamed by the cruel season, crowd around 
The winnowing store, and claim the little boon 
Which Providence assigns them. One alone, 
The redbreast, sacred to the household gods, 

[English School Classics.— See Pages 6 and 7.] 
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NOTES 33 

187 Thatched, Properly speaking covered, now applied to 
one form of covering. A. S. ' Theccan,' to cover. German, 
'dach,' a roof, 'decken,* to cover. Latin, 'tego,' to cover, 
'tectum,' a house. Greek, ortyew, to cover, oreyii, * roof. 

191 An appeal to imagination and superstition. To heighten 
the horrors 01 the scene, and the misery of the wanderer's position. 

195 Lords it. It, used impersonally and generally. Cf. 
the frequent use of ' le ' and ' en ' in French : En 6tre, Ten 
porter, &c. 

197, 198 Psalm civ. Milton, Paradise Lost, ii. 263. 

The hush in the storm at night/all gives opportunity for thought 
(208). Moral reflections (209). Prayer for guidance (216) 

202 The weary clouds. An instance of the pathetic fallacy ; 
the closing in of clouds into night (not a very tvue description) 
occurs already in line 79. 

206 Compeer, Cum-par. So pair; disparage, which means 
to move from a state of equality. 

209 Ye. Used properly only in the nominative and voca- 
tive. 

210 Ever-cheating. Fr. 'echoir,' to fall Eng. 'escheat.' 
' Escheaters,' the officers who secured for the Crown properties 
falling to it — an odious office, equivalent to pettifoggers and 
rascals. So to cheat. 

211 Amount, What do you come to after all. 

214 Crude. Raw, undigested, therefore unassimilated. 

216 New flushed. Filled with new vitality, connected with 
Ger. ' fluss,' a river. Primary sense, ' flow,' so a flow of blood 
flushes the cheek. ' You flush a drain ; a river is flush or level 
with its bank. 

219 Folly, Fr. 'fbTar'fim.' Welsh, 'fiaL' Cf. P*. cxviii 
in old psalter of Corbie, quoted in Renouard, 'De tes commande- 
mens ne foliai,' • I have not wandered from thy commandments.' 
C£ Fr. 'feufollet/ Will-o'-the-wisp. 

221 Conscious. Here = of conscience. Contrast with use 
in line 133. 

Return to the subject. The third form of storm, snow (223) : 
its effects on the animal creation (240) ; on flocks in a snow-drift 
(265). The peasant lost amid the snow-drifts (276). 

224 Livid, piercing. Epithets appealing to different senses 
are not well used thus coupled. 

228 Saddens, Observe how constantly, in English, verbs are 
used in both active and neuter sense. 

229 Whitening, Cf. 140. 

232 Cherished = carefully tended. Fr. • cher,' dean 
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196 History of French Literature 

that religion itself is made ridiculous. To this we would 
answer, that it is not reality and sincerity in religion 
which Moliere attacks, but unreality and hypocrisy, and 
that such vices are legitimate objects of moral satire, 
There were plenty of Tartufes in the Paris of Moliere's 
day, and the piece is but another campaign of that war 
Pascal had waged eleven years before. The mode of 
warfare and plan of attack of the two men were indeed 
diverse; and Pascal in his cloister fought- as a fervent 
Catholic, whilst Moliere, a pupil of Gassendi, came into 
the field an unbiassed philosopher; yet the powers of both 
were directed unconsciously to the same end, that of 
stripping the irreligious and hypocritical of their assumed 
garb of holiness. 

Moliere's glory is that he was the poet of human nature. 
He was the first of his age to. attack with that weapon 
most terrible of all to Frenchmen — ridicule— the follies 
of his day, and his personifications of vice and weakness 
are true for all time, types of which every age will furnish 
antitypes. 

Boileau replied to Louis XIY.'s question who was the 
greatest poet of the age? " (Teat Moliire" and the ad- 
miration of succeeding generations has gone far to endorse 
this opinion. His countrymen claim for him the first 
place amongst comic poets, and there is little doubt that 
he outdid his model Plautus, and at least disputes the pre- 
eminence with Terence. 

Boileau. — Boileau, whom we have just* mentioned 
deciding for the king on the comparative merits of rival 
poets, set himself the task of guiding, public taste gene- 
rally. Before he rose up to judge with his critical good 
sense between bad and good, Scudlry had been admired 
by the aide of Corneille, and Voiture by that of Mai- 
faerbe. The. end of Mademoiselle de Bendery's long life 

torical Handbooks-.** Fages 2, 3, and 4.] 
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thus : if the articles had cost jQi each, the total cost 
would have been ^2478 ; 

/. as they cost ioi£\ each, the cost will be £**&-*-, or ^413. 

The process may be written thus : 
3*. \d. is i of £1 I ^2478 = cost of the articles at ^1 each. 

^413 = cost at ys. \d. . . . 

Ex. (2). Find the cost of 2897 articles at £2. 12s. gd. 
each. 



£2 is 2 x £1 

iar. ?s| of £1 
2s. is \ of 1 or. 
Sd. is I of 2s. 
id. is £ of 8rf. 



2897 . 0.0 = cost at £1 each. 



5794 .0.0 = 

1448 . 10 • o = 

289 • 14 • o = 

96 . 11 . 4 = 

12 . 1.5 = 



. . £2 .... 
. . IOJ. 

• • *Ji .... 

. . Sd. . . . . 

• . lit. .... 



£7640 . 16 . 9 = £2. 12j.9rf.each. 

Note. — A shorter method would be to take the parts 
thus : ' 

10s. = \ of £1 ; 2s. 6d. * J of iof. ; yd. = •& of 2J. 6d. 



Ex. (8). Find the cost of 425 articles at £2. i8j. 4//. 
each. 

Since ^2. i8j. 4*/. is the difference between £$ and 
1 j. 8/f. (which is -j^y of ;£i), the shortest course is to find 
the cost at £y each, and to subtract fr&m it the cost at 
is. Sd. 6ath, thus : 



^3is3x^i 
*r. %d. isV?of^i 



425 . 0.0 = cost at £1 each. 



1275 • 0.0= ,£3 

35 . 8.4= is. Sd. each. 



£1239 • * * • 8 = £2. i&y. 4*£ eac* 
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10 A YEARS BOTANY. 

of all of them open by two slits tinned towards the centre of the 
flower. Their stalks have expanded and joined together, bo as 
to form a thin sheath round the central column (fig. 12). The dust- 
spikes are so variable in length 
in this flower, that it may not be 
possible to see that one short one 
k iZm comes between two long ones, 

Dut^pikM of gone {niargtsi though this ought to be the case. 
The teed-organ is in the form of a longish rounded pod, with 
a curved neck, stretching out beyond the dust-spikes. The top 
of it is sticky, and if you look at a bush of gorse, you will see 
it projecting beyond the keel in most of the fully-blown flowers, 
because the neck has become more curved than in fig. 12. Cut 
open the pod ; it contains only one cavity (not, as that of the 
wall-flower, two separated by a thin partition), and the grains 
are suspended by short cords from the top 
(fig. 1 3). These grains may be plainly seen in 
the seed-organ of even a young flower. It is 
evident that they are the most important part h* 18 « 

Split seed-pod of gone. 

of the plant, as upon them depends its diffu- 
sion and multiplication. We have already seen how carefully 
their well-being is considered in the matter of their perfection, 
how even insects are pressed into their service for this purpose 1 
Now let us glance again at our flower, and see how wonderfully 
contrivance is heaped upon contrivance for their protection ! 

First (see fig. 10, p. 14), we have the outer covering, so covered 
with hairs, that it is as good for keeping out rain as a waterproof 
cloak ; in the buttercup, when you pressed the bud, it separated 
into five leaves ; here there are five leaves, just the same, but 
they are so tightly joined that you may press till the whole bud 
is bent without making them separate at all, and when the bud 
is older, they only separate into two, and continue to enfold the 
flnwai. «a n certain extent till it fades. When the flower pushes 
erproof cloak, it has the additional shelter of the big 
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CARBONIC 1NHYDBIDB. 



Sometimes oarbonic anhydride is produced in veils, and, being 
so much heavier than air, it remains at the bottom. If a man 
goes down into such a well, he will have no difficulty at first, 
because the air is good ; hut when he is near the bottom, where 
the gas has accumulated, he will gasp for breath and fall ; and if 
anyone, not understanding the cause of his trouble, goes down to 
assist him, he too will fall senseless, and both will quickly die. 
The way to ascertain whether carbonic anhydride has accumu- 
lated at the bottom of a well ia to lot a light down into it. If it 
goes ont, or even burns very dimly, there is enough of the gas 
to make the descent perilous. A man going down a well should 
always take a candle with him, which he should bold a consider- 
able distance below his mouth. If the light burns dimly, ha 
should at once stop, before his mouth gets any lower and he 
takes some of the gas into his lungs. 

When this gas is in a well or pit, of oourse it must be ex- 
pelled before a man can descend. There are several expedients 
for doing this. One is to let a bucket down frequently, turning 
it upside down, away from the 
mouth of the well, every time it 
is brought np, a plan which will 
remind you of the experiment 
represented in Pig. 24. 

But a better way is to let down 
a bundle of bnrning straw or shav- 
ings, ho as to heat the gas. Now 
heated bodies expand, gases very 
mnch more than solids or liquids, 
and, in expanding, the weight of a 
certain volume, say of a gallon, 
becomes lessened. So that if we can 
heat the carbonic anhydride enough 

to make a gallon of it weigh less than a gallon of air, it will 
rise out of the well just as hydrogen gas would do; Fig. 25 
shows how you may perform this experiment upon a small seal' 
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For Latin Prose — Historical. ly 

DISASTROUS RETREA T OF THE ENGLISH FROM CABUL. 

IT took two days of disorder, suffering, and death to carry the 
army, now an army no more, to the jaws of the fatal pass. 
Akbar Khan, who appeared like the Greeks' dread marshal from 
the spirit-land at intervals upon the route, here demanded four 
fresh hostages. The demand was acquiesced in. Madly along the 
narrow defile crowded the undistinguishable host, whose diminished 
numbers were still too numerous for speed : on every side rang the 
war-cry of the barbarians : on every side plundered and butchered 
the mountaineers : on every side, palsied with fatigue, terror, and 
cold, the soldiers dropped down to rise no more. The next day, 
in spite of all remonstrance, the general halted his army, expecting 
in vain provisions from Akbar Khan. That day the ladies, the 
children, and the married officers were given up. The march was 
resumed. By the following night not more than one-fourth of the 
original number survived. Even the haste which might once have 
saved now added nothing to the chances of life. In the middle of 
the pass a barrier was prepared. There twelve officers died sword 
in hand. A handful of the bravest or the strongest only reached 
the further side alive : as men hurry for life, they hurried on 
their way, but were surrounded and cut to pieces, all save a few 
that had yet escaped. Six officers better mounted or more fortu- 
nate than the rest, reached a spot within sixteen miles of the goal ; 
but into the town itself rode painfully on a jaded steed, with the 
stump of a broken sword in his hand, but one. 

Livy, xxi. o. 25, § 7-10. xxxv. c. 30. xxiii. c. 24. 
Cjssab, Bell. OaU. v. c. 35-37. 



DEFEAT OF CHARLES THE BOLD AND MASSACRE OF HIS 

TROOPS AT MORAT. 

"N" such a predicament braver soldiers might well have ceased 
to struggle. The poor wretches, Italians and Savoyards, six 
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